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PEEFACE. 



The object of this book is to provide, in moderate bulk, a collec- 
tion of Bules and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the useful arts, and especially in engineering and practical 
mechanics. The use of algebraical symbols is avoided, 'except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of well-known quantities, such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughout ; the circumferences and areas of circles may be relied 
^n to the last figure. The table of trigonometrical functions con- 
sists of only a single page; bnt it is sufl&cient, nevertheless, for the 
solution of such problems in practical mechanics as involve the use 
t)f those functions;j for purposes of Geodesy, the only proper trig- 
onometrical tables are such as fill a large part of a bulky volume. 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measurement of the areas 
of surfaces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the MeasureSf commonly so called, of 
different nations, and contains tables and rules relating not only 
to measures of angles, time, length, surface, volume, weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
and heat. The values of the various units of measure mentioned 
are compared with the standards of the British legal system, and 
of the metrical system (whose use is now permitted in Britain) ; 
and those standards are compared with each other according to the 
best authorities — viz., the paper of Mr. Aiiy, Astronomer-Royal, 
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on " Standards of Measure," and that of Professor Miller on the 
" Standard Pound." (In the Second Edition, those comparisons 
were brought into conformity with the work of Captain Clarke, 
II.R, on " Standards of Length"). 

The Third Part relates to Engineering Geodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of railway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat ; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and cen^tres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of tibe resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles^ beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines a^t uni;form speed and at varying speedy to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machinery. In the course of this Part, rules are 
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given for the resistance of carriages on roads and railways, the 
tractive power of locomotives, and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineerings such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe j the discharge from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines ; then rules applicable to windmills. Lastly, rules are 
given for the estims^tion of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Part relates to Heat and the Steam En^ne. It con- 
tains a systen^ of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained, for determining the relations between work done and 
heat expended in any actual or proposed &team engine. Those 
are followed by rules for fixing the leading dimensions of the 
pnncipal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel : for the efficiency aoid dimensions of furnaces and boilers ; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines At the end of the text is a 
plate containing a pair of diagrams of the mechanicaJi properties of 
steam, by the use of which much of the labour of calculation may 
be saved; and this is followed by a very full alphabetical index. 

In this Third Edition various corrections, amendments, and 
additions have been made. 

W. J. M. R 

Glasgow UNPrBRsmr, 1868. 
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In this Third Edition some Eules have been added, and the 
whole Work has been carefully revised. 

W. J. M. R. 



Glasgow UifivBJisrrY, December, 1871. 
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PAET I. 

NUMBERS AND FIGURES. 

Table 1. — Squares, Cubes, Reciprocals, and Cohmou 
Logarithms of Numbers from 101 to 999. 

Explanation. 

Squa/res^ Cubes, and Reciprocals. 

1. The square, cube, and reciprocal of 1 are each of them 1. 

2. The square of any iiiteger power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 ^ 100; 1002 = 10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the* original number; for example, 
102 = 1000 ; 1002 = 1000000, &c. 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the original nimiber 
contains. For example, 

11 1 

_— o. -I •01« — '001 <fec 

10""^ 100"" ^ 1000 ~ ""^>®°- 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column, take the square and cube opposite to it; 
and omit the noughts from the right of each of them. For example 
to find the square and cube of 15; look for 150; then we find 

Nxunbor. Square. Cube. 

150 22500 3375000 

from which, omitting the noughts, we obtain 

rs 225 3375 

B 
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Again, to find the square and cube of 7, look for 700; then w^ 
find 

Number. Squara Cube. 

700 490000 34300000a 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figui'es followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example^ 

Number. Square. Cube. 

377 142129 53582633 
3770 14212900 53582633000 

37700 142 I 290000 53582633000000 

and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 



Nxmiber. 


Square. 


Cube. 


377 


I42129 


53582633 


37-7 


1421*29 


53582633 


377 


14-2129 


53582633 


•377 


'I42129 


•053582633 


•0377 


'00142129 


•000053582633 




and so on. 





8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the right of 
the original number, a nought is to be inserted at the left of the 
reciprocal; and for every place of decimals that is cut off at the 
right of the original nimiber, the decimal point is to be shifted one 
place to the right in the reciprocal For example. 



Nxmiber. 




BedprocaL 


160 




•00625 


1600 




•000625 


16000 




•0000625 




and 


so on; 


x6 




•0625 


16 




•625 


•16 




625 


•016 




62-5 


'001 6 




625 




and so on. 
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9. The reciprocal of the reciprocal of a number is the original 
number itsel£ For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00625 ^ ^^o 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of original numbers. 

10. To reduce a vulgar fraction to a decimal fraction; multiply 
the reciprocal of the denominator of the vulgar fraction by the 
numerator. For example, to reduce l]L-16ths to a decimal 
fraction; 

Reciprocal of 16, ,...,... '0625 

X Numerator, 11 

•6875 Answer, 

NOtk — The only numbers whose reciprocals can be expressed 
exactly in decimal fractions are 2, 5, and their powers and pro- 
ducts. Numbers divisible by any other prime factor give either 
repeating or circulating decimals as their reciprocals. 

11. The square of the product of two. numbers is the product of 
their squares; the cube of their product is the product of their cubes. 
For example^ 

19982 = (999x 2)2= 9992x22. 

= 998001x4 = 3992004; 

1998S = (999x 2)8= 9998x23 

^ 997002999 x 8 = 7976023992. 

12. To find the square or cube of a quotient or fraction; divide 
the square or cube of the dividend or numerator by the square or 
cube of the divisor or denominator. For example, 



( 



(^y = ^=.^ = 249500.25; 



13. To find the square of the sum of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 25-, 

377002=1421290000 

252 = 625 

37700 X 25 X 2 = 1885000 

377252 = 1423175625 Svm. 

14. To find the square of the difference of two numbers; from 
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tl>e sum of their squares subtract twice their product. Example : 
to find the square of 37725 = 37800 - 75 ; 

378002 = 1428840000 
752= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtracted. 

377252 (as before) 1423175625 Remainder. 

15. To find the eube of the sum of two numbers ; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + "^^^ 

377008 = 53582633000000 
25«= \b^^b 

377002 X 25 X 3 

= 1421290000 X 25 x 3= 106596750000 
37700 X 252 X 3 = 70687500 

377258= 53689300453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75; 

378008 = 54010152000000 
37800 X 752 X 3 = 637875000 



753= 421875 

75 X 378002 X 3 = 321489000000 



54010789875000 Sum. 



321489421875 Sum. 



377258 (as before) 53689300453125 Biff. 

Extraction of Square and Cvhe Roots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only; 
and the cubes are divided into periods of three figures, commenciog 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

18. To find the square root of an exact square of not more than 
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six figures; divide the given square into |>eriods of two figures^ 
beginning at the decimal point; look in the column of squares for 
the same figures, similarly divided into* periods; Idie root will be* 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the square' hae g£ integer 
periods. ' 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square that has the same left-hand period with, the given number; the 
root opposite that square will give the first three figures of the 
required root. Then place the decimal point as directed in 
Rule la 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
io five places of figures. For the first three figures^ take the root 
of that square in the table whicb is- next below the given number, 
and has its left-hand period the same. Subtract that square from 
the given -number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in the quotient^ insert a nought 
before it) 

Examples of Rules 18, 19, and 20. 

L Extract the square root of 1421 '29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares in the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; wluch is there- 
fore 37-7. 

II. Extract the approximate square root of 1423 '18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, 14 23 '18 

Kearest square of which the ) , ^ o-. .99 _ 37.72 
left-hand period is 14, j ~ 

Therefore 37*7 is the approximate root required. 

in. Extract the approximate square root of 1423*18, correct to 
five figures; 
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Given number, in periods as "before, 14 23 '18 

Next less square in the table, U 21 -29 = 37 'T^ 

Divide by 377 + 378 = 755 ) 1 S900 Diffi 

Quotient, being the two additional figures required, 25; 

37*725, approximate root. 

Note. — It is essential that the left-hand period, and not mer^y 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given the same left-hand figures ure found in 14161, the 
square of 119, as in the given number; "but the left-hand period is 
only 1 instead of 14; and it would be a great error to take 119 as 
an approximation to the root required. 

The same remark applies to the niles for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into periods of three figures, 
beginning at the decimal point; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact 'cube, correct to 'thi-ee figures; divide the 
given number into periods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube that has the same left-hand period with the given number; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
having three periods of figures that is not an exact <3ube, correct 
to five places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given numl^er, 
and has its left-hand period the same. Subtract that cube from tlie 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3 ; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there be 
but one integer figure in the quotient^ insert a nought before it). 

Examples of Rules 21, 22, and 23. 

I. Extract the cube root of 53*582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
53*582 633. Then amongst the cubes in the table whose left-hand 
period is 53 there is found 53 582 633, the cube of 377; so that the 
given number is an exact cube. The decimal point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second periods in Idie root; 
which is therefore 3 '77. 

II. Extract the approximate cube root of 53*6893, correct to 
three figures. Divide the number into periods of three figures, 
thus, 53-689 300. Then we have, 

Given number, 53' 689 300 

Nearest cube of which the ) ^o. 500 cqq _ 3.778 
lefb-hand period is 53, ... j "~ 

Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53*6893, correct to 
five figures. 

Given number, in periods as before,... 53* 689 300 

Next less cube in the table, 53- 582 633 = 3-77^ 

Divide by 377 ) 106 667 00 Diff. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 

3*7725, approximate root. 

Use of Squares for MvMpluxUum, 

24. To multiply two numbers together by means of a table of 
squares. 

Case I. If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difierence; the 
remainder will be the product required. 

Case IL If one number is odd, and the other even ; subtract 
1 from the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I. — Multiply together 377 and 591 

968 
Half-sum, -^ = 484 ; its square, 234256 

Half-difi; ?^ = 107 ; its square, 11449 

Product required, 222807 

Example II. — Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 

Add 377 

Product required, 223184 
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Common Loga/riihrna. 

25. The logarithm of 1 is 0. 

26. The common logarithm of 10 is 1, and that of anj power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in the power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of *1 is — 1, and that of any power 
of '1 is the index of that power with the negative sign; that is, it 
is equal to one more than the number of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of '01 is— 2; that of '00 1,-3; and so on. 

^%, The logarithms given in the table ai*e merely the firactional 
parts of the logarithms, correct to five places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index; 
that is to say, for numbers less than 1 and not less than '1, the 

index is T; for numbers less than *1 and not less than *01, the 

index is 2; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the nimiber 
consiste, and not upon the place of the decimal point amongst 
them. 

Examples. 



Number. 


Logarithm. 


377000 


5-57634 


37700 


4*^7634 


3770 


357634 


377 


2-57634 


377 


1-57634 


377 


057634 


•377 


1-57634 


.0377 


?-57634 


•00377 


3-57634 


and so on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by subtracting the 
logarithm of &e divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by dividing the logarithm 
of one of its powers by the index of that power. 

Note. — In apfdying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that D^ative indices are 
to be subtracted instead of being added, and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of n^ative 
indices to logarithms, it is a very common practice to put, instead 
of a n^ative index to the logarithm of a fraction, the complemerU 

(as it is called) of that index to 10; that is to say, 9 instead of T, 

8 instead of% 7 instead of 3, and so on. In such cases, it is always 
to be imderstood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
•^- 10 + to it; for example^ 

-N-nmiwi- Logarittam -with Logarithm with 

iNamDer. Negative Index. Compleineiitaiy Index. 

•377 T-57634 - 10 + 9-57634 

•0377 2-57634 - 10 + 8-57634 

•00377 3-57634 -10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in Idie table; mid- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

Example. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

X25 'ir 100 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Answer. 

35. To find the natural number, or cmtilogarithm, corresponding 
to a common logarithm of five places of decimals, which is not in 
the taVle^ find the next less, and the next greater logarithm in 
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the table^ and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the ^quotient will give two additional figures -of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogarithm of the common logarithm 
•57663. 

Next less log. in table,.... 57634 

Next greater, 57749 

Difference, 115 

Given logarithm, 57663 

Subtract log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

80 that the answer is 37725. 



Explanation of Table 1a and Table 2. 

Table 1 A, immediately foUowiag Table I, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive. 
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No. 


■Square. 


Cube. 


Reciprocal 


C. Log. 


101 


I 02 01 


I 030 301 


•009900990 


00432 


102 . 


I 04 04 


I 061 208 


•009803922 


00860 


«03 


i.. I 06 09 


... I 092727 


.*. ...•009708738 


.w. ...01284 


-■104 


108 16 


I 124864 


•009615385 


01703 


105 


I 1025 


I 157 625 


•009523810 


O2II9 


106 


... I 12 36 


... I 191 016 


^ '009433962 


02531 


T07 


I 1449 


1225043 


•009345794 


02938 


108 


I 1664 


I 259712 


•009259259 


03342 


109 


... I 18 81 


...'I 295029 


...»..^009i743i2 


03743 


no 


I 21 00 


'I 331 000 


•009090909 


04139 


III 


T232I 


I 367 631 


•009009009 


04532 


112 


*-. 12544 


... I 404928 


.......008928571 


04922 


113 


I 27 69 


I 442 897 


•008849558 


05308 


114 


I 29 96 


I 481 544 


•008771930 


05690 


115 


... I 32 25 


... 1520875 


'008695652 


06070 


116 


134 5^5 


1560896 


•008620690 


06446 


•117 


13689 


I 601 613 


•008547009 


06819 


118 


... I 39 24 


..,1643032 


...^..•oo8474576 


07188 


'1 19 


141 61 


. I 685 159 


•008403361 


07555 


-120 


I 4400 


I 728000 


•008333333 


07918 


•121 


... I 46 41 


... I 771 561 


...*.. '008264463 


08279 


122 


14884 


T 815 848 


'008196721 


08636 


123 


I 51 29 


^I 860 867 


•008 1 3008 1 


08991 


124 


... 15376 


».. I 906 624 


•008064516 


09342 


125 


15625 


I 953 125 


•008000000 


09691 


126 


15876 


2 000 376 


•007936508 


10037 


127 


... I 61 29 


... 2048383 


.i.. ..•007874016 


10380 


128 


1638^4 


2097152 


•007812500 


IO72I 


129 


16641 


2 146689 


•007751938 


1 1059 


130 


... I 6900 


... 2 197 000 


* ^007692308 


"394 


131 


1 71 61 


2248091 


•007633588 


11727 


132 


17424 


2 299 968 ' 


•007575758 


12057 


133 


^., 17689 


... 2352637 


•007518797 


12385 


^34 


17956 


2 406 104 


•007462687 


12710 


135 


18225 


2 460 375 


•007407407 ' 


13033 


136 


,^ I 84 96 


... 2515456 


.V*.... •007352941 


13354 


137 


18769 


2571353 


•007299270 


13672 


138 


19044 


2628072 


•007246377 


13988 


139 


... I 93 21 


... 2685619 


.,*... •0071 94245 


14301 


140 


I 9600 


2744000 


•007142857 


14613 


141 


I 98 81 


2803221 


•007092199 


14922 


142 


... 201 64 


... 2863288 


.^007042254 


15229 


M3 


20449 


2 924 207 


•006993007 


^5534 


144 


207 36 


2 985 984 


•006944444 


15836 


145 


2 1025 


3 048 625 


'006896552 


16137 
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No. 


Square. 


Cube. 


ReciprocaL 


C Log. 


146 


2 13 16 


3 112 136 


•006849315 


16435 


M7 


2 1609 


3176523 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


....,.•006756757 


17026 


149 


2 22 01 


3 307 949 


•0067 1 1 409 


17319 


150 


2 2500* 


3 375 000 


•006666667 


17609 


151 


... 2 28ai 


... 3442951 


....,,•006622517 


17898 


152 


23104 


3 511 808 


•00^578947 


18184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 23716 


... 3652 264 


'. -006493506 


18752 


155 


24025 


3723875 


•006455,1613 


19033 


156 


24336 


379641^^ 


•006410256 


I93I* 


157 


... 2 46 49 


... 3869893 


•006369427 


^9590 


158 


24964 


3 944 3^2 


•0063291 S4 


19866 


159 


25281 


4019679 


•006289308 


20140 


160 


... 25600 


... 4096000 


^006250000 


20412 


161 


2 59 21 


4 173 281 


•00621118a 


2o68j 


162 


2 6244 


4251528 


•00617.2840 


20952 


163 


... 26569 


..- 4330747 


^006134969 


21219 


164 


2 68 g6 


4410944 


•006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


— 4 574 296 


'006024096 


22011 


167 


27889 


4 657 463 


•005988024 


22272 


168 


282 24 


4741632 


•005952381 


22531 


169 


.►. 28561 


..« 4826809 


•005917160 


22789 


170 


28900 


4913000 


•005882353 


23045 


171 


29241 


5 000 211 


•005847953 


23300 


172 


... 29584 


... 5088448 


'005813953 


23553 


173 


29929 


5177717 


•005780347 


23805 


174 


30276 


5268024 


•005747126 


24055 


175 


... 30625 


- 5 359 375 


•005714286 


24304 


176 


30976 


5451776 


•005681818 


24551 


177 


31329 


5 545 233 


•005649718 


24797 


178 


... 3 1684 


..- 5639752 


'005617978 


25042 


179 


32041 


5 735 339 


•005586592 


25285 


180 


32400 


5 832 000 


•005555556 


25527 


i8i 


... 327 61 


... 5929741 


.....-•005524862 


25768 


182 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6128487 


•005464481 


26245 


184 


... 33856 


... 6 229504 


'005434783 


26482 


185 


34225 


6 331 625 


•005405405 


26717 


186 


34596 


6 434 856 


•005376344 


26951 


187 


... 34969 


... 6539203, 


-005347594 


.27184 


188 


3 53 44 


6 644 672" 


•0053 1 91 49 


27416 


189 


35721 


6751269 


•005291005 


27646 


190 


361 00 


6 859 000 


•005263158 


27875 
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No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


191 


36481 


6967871 


•005235602 


28103 


192 


36864 


7 077 888 


•005208333 


28330 


193 


... 37249 


.., 7189057 


-005181347 


28556 


194 


37636 


7 301 384 


•005154639 


28780 


^9S 


38025 


7414875 


•005128205 


29003 


196 


... 384 16 


- 7529536 ; 


-005102041 


29226 


197 


38809 


7645373 


•005076142 


29447 


198 


39204 


7762392 


•005050505 


29667 


199 


... 39601 


... 7880599 


^005025126 


29885 


200 


40000 


8 000 000 


•005000000 


30103 


201 


40401 


8 120 60T 


•004975124 


30320 


202 


... 40804 


... 8242408 


'004950495 


30535 


203 


4 1209 


8 365 427 


•004926108 


30750 


204 


4 16 16 


8 489 664 


•00490 1 96 1 


30963 


205 


... 4 2025 


... 8615 125 


•004878049 


3"75 


206 


42436 


8741816 


-004854369 


31387 


207 


42849 


8869743 


•004830918 


31597 


208 


... 43264 


... 8998912 


-004807692 


31806 


209 


43681 


9129329 


•004784689 


32015 


210 


44100 


9 261 000 


•004761905 


32222 


211 


... 44521 


•.. 9393931 


'004739336 


32428 


212 


4 49 44 


9528128 


-0047 1 698 1 


32634 


213 


45369 


9 663 597 


•004694836 


32838 


214 


... 45796 


... 9800344 


-004672897 


33041 


215 


46225 


9 938 375 


-004651 163 


33244 


216 


46656 


10077 6g6 


•004629630 


33445 


217 


... 47089 


...10218313 


-004608295 


33646 


218 


47524 


10360232 


•004587156 


33846 


219 


47961 


^0 503 459 


•004566210 


34044 


220 


••• 4 84 00 


...10648000 


-004545455 


34242 


221 


48841 


10 793 861 


•004524887 


34439 


222 


49284 


10941 048 


•004504505 


34635 


223 


— 4 97 29 


...II 089567 


-004484305 


34830 


224 


50176 


II 239424 


•004464286 


35025 


225 


50625 


II 390625 


•004444444 


35218 


226 


... 5 1076 


...II 543 176 


-004424779 


35411 


227 


51529 


11 697083 


•004405286 


35603 


228 


51984 


II 852 352 


•004385965 


35793 


229 


... 52441 


...12008989 


^004366812 


35984 


230 


52900 


12 167000 


•004347826 


36173 


231 


53361 


12 326 391 


•004329004 


36361 


232 


... 53824 


...12487 168 


-004310345 


36549 


233 


54289 


12649337 


•004291845 


36736 


234 


54756 


12 812 904 


•004273504 


36922 


235 


5 52 25 


12977875 


•004255319 


37107 



u 



No. 


Square. 


Cube. 


Reciprocal 


a Log. 


236 


55696 


13 144 256 


•004237288 


37291 


237 


56169 


13 312 053 


'004219409 


37475 


238 


... 56644 


...13481 272 


-004201681 


37658 


239 


571 21 


13 651 919- 


•0041 84100 


37840 


240 


57600 


13 824 000\ 


•004166667 


38021 


241 


... 58081 


•••13997 521 


-004149378 


38202 


242 


58564 


14 172 488 


•OO413223I 


38382. 


243 


59049 


14 348 907 


-004115226 


38561 


244 


- 59536 


...14526784 


-004098361 


38739 


245 


60025 


14706 125 


-004081633 


38917 


246 


60516 


14 886 936 


•004065041 


39094 


247 


... 6 1009 


...15069223 


.......004048583 


3927^ 


248 


61504 


15252992 


•004032258 


39445 


249 


62001 


15 438 249 


-004016064 


39620- 


250 


... 6 2500 


...15625000 


-004000000 


39794 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16 003 008 


•003968254 


40140. 


253 


... 6 40 09 


...16 194 277 


.......003952569 


40312 


254 


64516 


16 387 064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


..• 65536 


.,.16777 216 


-003906250 


40824 


257 


6 6o49< 


16974593 


•OO389IO5I 


40993: 


258 


66564 


17 173 512 


•003875969 


411612 . 


259 


... 67081 


...17373979 


-003861004 


4133O' 


260 


67600 


17 576 000 


•003846154 


41497 


261 


68121 


17 779 581 


-00383 1 41 8 


41664 


262 


... 68644 


...17 984728 


-003816794 


41830 


263 


691 69 


18 191 447 


-003802281 


41996 


264 


6g6g6 


18399744 


-003787879 


42166 


265 


... 7 0225 


...18609625 


......003773585 


42325 


266 


70756 


18 821 096 


•003759398 


4:^488 


267 


7 1289 


19 034 163 


•003745318 


42651 


268 


... 7 1824 


...19248832 


-003731343 


42813 


269 


72361 


19 465 109 


•003717472 


42975 


270 


7 29 00. 


19683000 


•003703704 


43136 


271 


... 73441 


...19902511 


...-003690037 


43297 


272 


73984 


20123648 


•003676471 


43457 


273 


74529 


20346417 


-003663004 


43616 


274 


... 7 5Q7<^ 


...20570824 


-003649635 


43775 


275 


75625 


20796875 


•003636364 


43933 


276 


76176 


21024576 


•003623188 


44091 


277 


... 7 67 29 


•..21253933 


-003610108 


44248 


278 


77284 


21484952 


•003597122 


44404 


279 


77841 


21 717 639 


•003584229 


44560 


280 


7 8400 


21 952 000 


-003571429 


44716 
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Na 


Square. 


Cube. 


Reciprocal. 


C. Log. 


281 


78961 


22 188 041 


•003558719 


44871 


282 


79524 


22425768 


•003546099 


45025 


283 


... 80089 


...22665 187 


-003533569 


45179 


284 


80656 


22 906 304 


•003521127 


45332 


285 


81225 


23 149 125 


•003508772 


45484 


286 


... 81796 


•••23393656 


'003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


...24137569 


-003460208 


46090 


290 


841 00 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


...24897088 


^003424658 


46538 


293 


85849 


25 153 757 


•003412969 


46687 


294 


86436 


25 412 184 


•003401361 


46835 


295 


... 87025 


-25672375 


-003389831 


46982 


296 


87616 


25 934 336 


•003378378 


47129 


297 


88209 


26 198073 


•003367003 


47276 


298 


... 88804 


...26463592 


003355705 


47422 


299 


89401 


26730899 


•003344482 


47567 


300 


9 00 00 


27 000 000 


•003333333 


47712 


301 


... 90601 


...27 270901 


003322259 


47857 


302 


91204 


27 543 608 


•0033 1 1 258 


48001 


303 


91809 


27 818 127 


•003300330 


48144 


304 


... 9 24 16 


...28094464 


^003289474 


48287 


305 


93025 


• 28372625 


•003278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


'003257329 


48714 


308 


94864 


29218 112 


•003246753 


48855 


309 


95481 


29 503 629 


•003236246 


48996 


310 


... 961 00 


...29791000 


^0032 25806 


49136 


3" 


967 21 


30080231 


•003215434 


49276 


312 


9 73 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


49554 


314 


98596 


30 959 M4 


•OO3184713 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...3^554496 


-003164557 


49969 


317 


100489 


31 855 013 


•003154574 


50106 


318 


10 II 24 


32 157 432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


-003134796 


50379 


320 


10 24 00 


32 768 000 


•003125000 


50515 


321 


10 30 41 


33 076 161 


•OO3II5265 


50651 


322 


... 103684 


...33386248 


-003105590 


50786 


323 


10 43 29 


33 698 267 


•003095975 


50920 


324 


104976 


34012 224 


•003086420 


51055 


325 


105625 


34328125 


•003076923 


51188 



16 



No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


326 


106276 


34 645 976 


•003067485 


51322 


327 


106929 


34965783 


"OO3058104 


5145s 


328 


... 107584 


—35287552 


'003048780 


51587 


329 


1082 41 


35 611 289 


•003039514 


51720 


330 


10 89 00 


35 937 000 


•003030303 


51851 


331 


... 10 95 61 


...36264691 


-003021148 


51983 


332 


1 1 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... II 1556 


...37259704 


-002994012 


52375 


335 


II 22 25 


37 595 375 


•002985075 


52504 


336 


1 1 28 96 


37 933 056 


•002976190 


52634 


337 


... 1135^59 


...38272753 


'002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


II 4921 


38958219 


•002949853 


53020 


340 


... 1 1 56 00 


...39304000 


'002941176 


53148 


341 


II 6281 


39 651 821 


•002932551 


53275 


342 


II 6964 


40 001 688 


•002923977 


53403 


343 


... II 7649 


...40353607 


-002915452 


53529 


344 


II 83 36 


40 707 584 


•002906977 


53656 


345 


II 90 25 


41 063 625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


......53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


12 II 04 


42 144 192 


•002873563 


54158 


349 


... 12 18 01 


...42508549 


^002865330 


54283 


350 


12 2500 


42 875 000 


•002857143 


54407 


351 


12 3201 


43 243 55Jf 


•002849003 


54531 


352 


... 123904 


...43614208 


^002840909 


54654 


353 


124609 


43 986 977 


•002832861 


54777 


354 


12 53 16 


44 361 864 


•002824859 


54900 


355 


... 126025 


...44738875 


-002816901 


55023 


356 


12 67 36 


45 118 016 


-002808989 


55145 


357 


127449 


45 499 293 


•002801 120 


55267 


358 


... 12 81 64 


...45882712 


-002793296 


55388 


359 


12 88 81 


46 268 279 


•002785515 


55509 


360 


1 2 96 00 


46 656 000 


•002777778 


55630 


361 


... 13 03 21 


...47045881 


-002770083 


55751 


362 


13 10 44 


47 437 928 


•002762431 


55871 


363 


13 17 69 


47 832 147 


•002754821 


55991 


364 


... 132496 


...48228544 


-002747253 


56110 


365 


133225 


, 48627 125 


•002739726 


56229 


366 


133956 


49027 896 


•002732240 


56348 


367 


... 134689 


...49430863 


^002724796 


56467 


368 


135424 


49 836 032 


•OO271739I 


56585 


369 


13 61 61 


So 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 



17 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


371 


13 76 41 


51 064 811 


•002695418 


56937 


372 


138384 


51478848 


•002688172 


57054 


373 


... 13 91 29 


...51 895 117 


-002680965 


5717I 


374 


139876 


52313624 


•002673797 


57287 


375 


140625 


52734375 


•002666667 


57403 


376 


... 14 13 76 


...53157376 


^002659574 


57519 


377 


14 21 29 


53 582 633 


. ^002652520 


57634 


378 


142884 


54 010 152 


•002645503 


57749 


379 


... 14 36 41 


...54439939 


-002638522 


57864 


380 


14 44 00 


54872000 


•002631579 


57978 


381 


14 51 61 


55 306 341 


•002624672 


58092 


382 


... 145924 


...55742968 


•OO261780I 


58206 


383 


14 66 89 


56 181 887 


•002610966 


58320 


384 


147456 


56 623 104 


•002604167 


58433 


385 


... 148225 


...57066625 


^002597403 


58546 


386 


148996 


57512456 


•002590674 


58659 


387 


14 97 6g 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58 411 072 


^002577320 


58883 


389 


.151321 


58 863 869 


•002570694 


58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


... 15 28 81 


—59776471 


-002557545 


59218 


392 


153664 


60 236 288 


•002551020 


59329 


393 


154449 


60 698 457 


•002544529 


59439 


394 


•.. 155236 


...61 162 984 


-002538071 


59550 


395 


156025 


61629875 


•002531646 


S9660 


39^ 


15 68 16 


62099136 


•002525253 


59770 


397 


... 157609 


...62570773 


'0025x8892 


59879 


398 


158404 


63044792 


•002512563 


59988 


399 


15 92 01 


63521 199 


•002506266 


60097 


400 


... 160000 


•..64000000 


^002500000 


60206 


401 


16 08 01 


64481 201 


•002493766 


60314 


402 


16 16 04 


64 964 808 


•002487562 


60423 


403 


••• 162409 


...65450827 


•002481390 


60531 


404 


1632 16 


65 939 264 


•002475248 


60638 


405 


164025 


66430125 


•002469136 


60746 


406 


... 164836 


...66923416 


^002463054 


60853 


407 


165649 


67419143 


•002457002 


60959 


408 


166464 


67 917 312 


•002450980 


61066 


409 


... 167281 


...68417 929 


^002444988 


61172 


410 


16 81 00 


68921000 


HX>2439024 


61278 


4" 


168921 


69426531 


•002433090 


61384 


412 


... 169744 


...69934528 


'002427184 


61490 


413 


170569 


70 444 997 


•002421308 


61595 


414 


17 1396 


70 957 944 


•002415459 


61700 
6180S [ 


J 4^5 


17 2225 


71473375 


•002409639 



^ 



18 



Na 


Square. 


Cube. 


Reciprocal. 


C Log. 


416 


17 30 56 


71 991 296 


•002403846 


61909 


417 


173889 


72511713 


•002398082 


62014. 


418 


... 174724 


...73034632 


'002392344 


62I18 


419 


17 55 61 


73560059 


•002386635 


62221 


420 


17 6400 


74088000 


•002380952 


62325 


421 


... 17 72 41 


...74 618 461 


-002375297 


62428 


422 


178084 


75 151 448 


•00236966^1 


62531 


423 


17 8929 


75 686 967 


•002364066 


62634 


424 


... 179776 


...76 225024 


-002358491 


62737 


425 


180625 


76765625 


•002352941 


62839 


426 


18 14 76 


77308776 


•002347418 


62941 


427 


... 182329 


...77854483 


•002341920 


63043 


428 


18 31 84 


78402752 


•002336449 


63144 


429 


18 40 41 


78 953 589 


•002331002 


63246 


430 


... 184900 


...79507 000 


^002325581 


63347 


43 1 


18 57 61 


80062 991 


•002320186 


63448 


432 


186624 


80621568 


•OO2314815 


63548 


433 


.., 187489 


...81 182737 


^002309469 


63649 


434 


188356 


81746504 


•002304147 


63749 


435 


189225 


82312875 


•002298851 


63849 


436 


... 190096 


...82881856 


'002293578 


63949 


437 


190969 


83 453 453 


•002288330 


64048 


438 


19 1844 


134027 672 


•002283105 


64147 


439 


... 19 27 21 


...84604519 


'002277904 


64246 


440 


193600 


85 184000 


•002272727 


64345 


441 


19 44 81 


85 766 121 


•002267574 


64444 


442 


... 195364 


...86350888 


'002262443 


64542 


443 


1962 49 


86 938 307 


•002257336 


64640 


444 


197136 


87 528 384 


•QO2252252 


64738 


445 


... 198025 


...88 121 125 


•OO224719I 


64836 


446 


1989 16 


88716536 


•002242152 


64933 


447 


199809 


89314623 


•002237136 


65031 


448 


... 2007 04 


...89915392 


^002232143 


65128 


449 


20 16 01 


90518849 


•002227 17 1 


65225 


450 


20 25 00 


91 125000 


•002222222 


65321 


451 


... 203401 


—91 733 851 


'002217295 


6541a 


452 


20 43 04 


92 345 408 


'0022 1 2389 


65514 


453 


205209 


92959677 


'002 207 506 


65610. 


454 


•.. 2061 16 


...93576664 


'002202643 


65706 


455 


207025 


94196375 


•002197802 


6580T 


456 


207936 


94818816 


'002193982 


65896 


457 


... 208849 


-95 443 993 


'OO2188184 


65992 


458 


20 97 64 


96071 912 


•002183406 


66087 


459 


21 06 81 


96 702 579 


•002178649 


66181 


460 


21 1600 


97 336 000 


•OO21739I3 


66276 



19 



Na 


Square. 


Cube. 


Reciprocal 


C. Log. 


461 


21 25 21 


97 972 r6r 


•002169197 


66370 


462 


213444 


98611 12^ 


'002164502 


66464 


463 


... 21 4369 


... 99252847 


'002159827 


66558 


464 


21 5296 


99 897 344- 


•OO2155172 


66652 


465 


21 62 25 


100 544 625- 


•002150538 


66745 


466 


... 217156 


...loi 194696 


'002145923 


66839 


467 


218089 


loi 847 563 


•002141328 


66932 


468 


21 9024 


102503232 


•002136752 


67025 


469 


... 21 9961 


...103161 709 


'002132196 


67117 


470 


22 0900 


103 823000 


•002127660 


67210 


471 


22 184I 


104487 III 


'OO2123142 


67302 


472 


... 22 2784 


...105 154048 


'OO2I18644 


......67394 


473 


22 37 29 


105 823 817 


'OO2II4165 


67486 


474 


22 4676 


106 496 424 


'002 109705 


67578 


475 


... 225625 


...107 171 875 


'002105263 


67669 


476 


226576 


107 850 176. 


•002100840 


67761 


477 


227529 


108 531 333 


•002096436 


67852 


478 


... 228484 


...109215352^ 


..,...•002092050. 


67943 


479 


22 9441 


109 902 239 


•002087683' 


68034 


480 


23 04 00 


110592000 


•002083333 


68124 


481 


... 231361 


...III 284 64T 


-002079002 


68215 


482 


23 23 24 


III 980168 


•002074689 


68305 


483 


233289 


112 678587 


•002070393 


68395 


484 


... 234256 


...113 379 904 


'002066116 


68485 


485 


235225 


114084 125 


•002061856 


68574 


486 


2361 96 


114791256 


•002057613 


68664 


487 


... 237169 


...115501303 


-002053388 


68753 


488 


238144 


116214272 


•002049180 


68842 


489 


2391 21 


1 16 930 169 


•002044990 


68931 


490 


... 2401 00 


...117 649000 


-OO2O40816 


69020 


491 


24 10 81 


118370771 


•002036660 


69108 


492 


24 2064 


1 19 095 488 


•002032520 


69197 


493 


... 243049 


...119823 157 


^002028398 


69285 


494 


244036 


120553784 


•002024291 


69373 


495 


245025 


121287375 


•002020202 


69461 


496 


• ,, 24 60 16 


...122023 936 


-002016129 


69548 


497 


24 7009 


122763473 


•002012072 


69636 


498 


248004 


123505992 


•002008032 


69723 


499 


... 249001 


...124251499 


-002004008 


69810 


500 


25 00 00 


1 25 000 000 


•002000000 


69897 


501 


25 10 01 


125751501 


•001996008 


69984 


502 


... 25 2004 


...126506008 


^001992032 


70070 


503 


25 30 09 


127 263527 


•001988072 


70157 


504 


25 40 16 


128024 064 


•001984127 


70243 


505 


2S 50 25 


128787625 


'OOI980198 


70329 



20 



No. 


Square. 


Cube. 


Reciprocal. 


C Log. 


606 


25 60 36 


129 554 216 


•001976285 


70415 


607 


257049 


130323843 


•001972387 


70501 


508 


.„ 25 80 64 


..,131096512 


^001968504 


70586 


609 


25 90 81 


131 872 229 


•001964637 


70672 


510 


26 01 00 


132 651 000 


•001960784 


70757 


511 


... 26 II 21 


...133 432 831 


'00X956947 


70842 


512 


26 21 44 


134 217 728 


•001953^25 


70927 


513 


2631 69 


135 005 697 


•OOI949318 


71012 


514 


...264196 


...135796744 


•001945525 


71096 


515 


26 52 25 


136590875 


•OOI941748 


71181 


516 


26 62 56 


137388096 


•001937984 


71265 


517 


,.. 267289 


...138 188 413 


^001934236 


71349 


518 


26 83 24 


13899^832 


•001930502 


71433 


519 


269361 


139798359 


•001926782 


71517 


520 


... 270400 


,..140608000 


'001923077 


71600 


521 


27 14 41 


141 420761 


•001 9 1 9386 


71684 


522 


27 24 84 


142 236 648 


•OOI915709 


71767 


523 


... 273529 


...U3 055 667 


'001912046 


71850 


524 


27 45 76 


143877824 


•001908397 


71933 


525 


27 56 25 


144 703 125 


•001904762 


72016 


526 


... 276676 


...145 531 576 


•OOI9OII4I 


72099 


527 


277729 


146 363 183 


•001897533 


72181 


528 


27 87 84 


147 197 952 


•001893939 


72263 


529 


... 279841 


...148035889 


•001890359 


72346 


530 


28 09 00 


148877 000 


•001886792 


72428 


531 


28 19 61 


149 721 291 


•001883239 


72509 


532 


... 283024 


...150568768 


'001879699 


72591 


533 


28 40 89 


1514^9437 


•OOI876173 


72673 


534 


285156 


152 273 304 


•001872659 


72754 


535 


... 286225 


...^53130375 


•OOI869159 


72835 


536 


28 72 96 


153990656 


•001865672 


72916 


537 


28 83 69 


154 854 153 


•OOI862197 


72997 


538 


... 289444 


...155720872 


-001858736 


73078 


539 


290521 


156 590 819 


•001855288 


73159 


540 


29 1600 


157 464000 


•OOI851852 


73239 


541 


... 292681 


...158 340 421 


'001848429 


73320 


542 


293764 


159 220088 


•00 1 8450 1 8 


73400 


543 


29 48 49 


160 103 007 


•001841621 


73480 


544 


... 295936 


...160 989 184 


-001838235 


73560 


545 


297025 


161 878 625 


•001834862 


73640 


546 


2981 16 


162 771 336 


•001831502 


73719 


547 


... 299209 


...163667323 


'001828154 


73799 


548 


30 03 04 


164566592 


•001824818 


73878 


549 


30 14 01 


165 469 149 


•001821494 


73957 


550 

• 


30 25 00 


166 375 000 


•001818182 


74036 



St 



Na Square. 

551 30 36 01 

553 30 47 04 

553 ...305809 

554 306916 

555 30 80 25 

556 ...309136 

557 31 02 49 

558 311364 

559 ...31 2481 

560 313600 

561 31 47 21 

562 ...315844 

563 316969 

564 31 80 96 

565 — 31 92 25 

566 32 03 56 

567 3*1489 

568 ... 32 26 24 

569 3*3761 

570 324900 

571 ...326041 

572 3*7i84 

573 3* 83 29 

574 ...3*9476 

575 33 06 25 

576 331776 

577 •• 33 29 29 

578 334084 

579 335241 

580 ... 336400 

581 337561 

582 33 87 24 

583 — 33 98 89 

584 34 lo 56 

585 34 22 25 

586 ...343396 

587 34 45 69 

588 34 57 44 

589 ,..346921 

590 348100 

591 349281 

592 ... 350464 

593 351649 

594 35 28 36 

595 35 40 25 



Cabe. 
67 284 151 
68196608 
69 112 377 
70031464 

70953875 
71 879616 

72808693 

73 741 112 
74676879 
75616000 
76 558 481 
77504328 

78 453 547 

79 406 144 

80362125 
81321496 
82 284 263 
83250432 
84 220009 
85193000 
86 169 411 

87149248 

88 132 517 

89 119 224 

90 109 375 
91 102976 
92 100 033 
93100552 

94104539 

95 1 12 000 

96 122 941 

97 137 368 

98 155 287 
99176704 

200 201 625 

,..201 230056 

202 262 003 

203297472 

...204336469 

205379000 

206 425071 

...207 474688 

208 527 857 

209 584 584 
210644875 



RedprocaL 


CLo«. 


TX>l8l4882 


74II5 


-001811594 


74194 


-001808318 


74273 


^001805054 


74351 


xx>i8oi8o2 


74429 


x)oi79856i 


74507 


W1795332 


74586 


Tx>i792ii5 


74663 


x>oi788909 


74741 


W1785714 


74819 


^001782531 


74896 


W1779359 


74974 


"001776199 


75051 


"001773050 


75x28 


x>oi7699T2 


75205 


x>oi766784 


75282 


•001763668 


75358 


x)oi76o563 


75435 


^001757469 


755" 


"001754386 


75587 


W1751313 


75664 


x)oi748252 


75740 


x>oi7452oi 


75815 


*ooi742i6o 


75891 


•001739130 


75967 


•001736111 


76042 


•001733102 


76118 


•001730104 


76193 


•001727116 


76268 


-001724138 


76343 


•001721170 


76418 


•001718213 


76492 


•001715266 


76567 


•001712329 


76641 


"001709402 


76716 


•001706485 


76790 


•001703578 


76864 


•001700680 


76938 


•001697793 


77012 


•001694915 


77085 


*ooi 692047 


77159 


-001689189 


77232 


•001686341 


77305 


•001683502 


77379 


•001680672 


77452 



22 



No. 


Square. 


Cube. 


ileciprocal. 


C. Log. 


596 


355216 


211 708736 


•001677852 


77525 


597 


35 64 09 


212 776 173 


•001675042 


77597 


598 


... 357604 


...213847 192 


•OOI67224I 


77670 


599 


358801 


214 921 799 


•001669449 


77743 


600 


36 00 00 


^16000 000 


•001666667 


77815 


601 


... 36 12 01 


...217 o8i 801 


•001663894 


77887 


602 


36 24 04 


^18 167 208 


•001661 130 


77960 


603 


36 36 09 


-219 256 227 


•001658375 


78032 


604 


... 3648 16 


...220348864 


^001655629 


78104 


605 


36 60 25 


221 445 125 


■001652893 


78176 


606 


367236 


222545016 


VDOI65OI65 


78247 


607 


... 368449 


...223648543 


-001647446 


78319 


608 


36 96 64 


224755712 


1001644737 


78390 


609 


370881 


225866529 


•001642036 


78462 


610 


... 37 21 00 


...226981 000 


'001639344 


78533 


611 


373321 


^28099 131 


•00 1 63666 1 


78604 


612 


37 45 44 


229220928 


•001633987 


78675 


613 


... 375769 


...230346397 


•OOI63132I 


78746 


614 


37 69 9^ 


231 475 544 


•001628664 


78817 


615 


37 82 25 


232 608 375 


•00x626016 


78888 


616 


— 379456 


...233744896 


...,..•001623377 


78958 


617 


38 06 89 


-234885 113 


•001620746 


79029 


618 


381924 


236029 032 


'OOI618123 


79099 


619 


... 383^61 


...237176659 


•OO1615509 


79^69 


620 


38 44 00 


-238 328 000 


•001612903 


79239 


621 


385641 


239483061 


•001610306 


79309 


622 


... 386884 


...240641 848 


•00x607717 


79379 


623 


388129 


241 804 367 


•001605136 


79449 


624 


38 93 76 


242 970624 


•001602564 


79518 


625 


... 390625 


...244 140625 


•001600000 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393129 


546491 883 


•001594896 


79727 


628 


... 394384 


...247673152 


-001592357 


79796 


629 


395641 


248858189 


•001589825 


79865 


630 


39 69 00 


250 047 000 


•001587302 


79934 


631 


... 3981 61 


...251 239591 


-001584786 


80003 


632 


39 94 24 


252 435 968 


•001582278 


80072 


633 


40 06 89 


253636137 


•001579779 


80140 


634 


... 401956 


...254840 104 


-001577287 


80209 


635 


40 32 25 


256047875 


-001574803 


80277 


636 


40 44 96 


257 259 456 


•001572327 


80346 


637 


... 405769 


...258474853 


-001569859 


80414 


638 


40 70 44 


259694072 


•001567398 


80482 


639 


4083 21 


260 917 119 


•001564945 


80550 


640 


40 96 00 


262 144000 


•001562500 


80618 1 



23 



No. 


Square. 


641 


41 08 81 


642 


41 21 64 


^43 


... 413449 


644 


4^ 47 36 


645 


41 6025 


646 


... 41 73 16 


647 


41 8609 


648 


419904 


649 


... 42 12 01 


650 


42 25 00 


651 


423801 


652 


... 425104 


<553 


42 64 09 


654 


4277 16 


655 


... 429025 


656 


430336 


657 


43 16 49 


658 


... 432964 


659 


434281 


660 


43 56 00 


661 


... 4369^1 


662 


43 82 44 


663 


43 95 69 


664 


... 440896 


665 


44 22 25 


666 


44 35 56 


667 


... 444889 


668 


4462 24 


669 


447561 


670 


... 448900 


671 


45 02 41 


672 


451584 


673 


... 4529^9 


674 


454276 


<575 


45 56 25 


676 


.- 456976 


677 


458329 


678 


45 9^ 84 


679 


... 46 1041 


680 


46 2400 


681 


463761 


682 


... 4651 24 


683 


46 64 89 


684 


46 78 56 


685 


46 92 25 



Cube. 
263374721 
264 609 288 

.>.265 847 7o7 
267 089 984 
268336 125 
.269586 136 
270840023 
272 097 792 

.273359449 
274 625000 

275894451 
...277 167808 

278445077 
279726 264 

...281 oil 375 

282 300416 

283 593 393 
...284890312 

286 191 179 

287 496 000 
...288804781 

290 117 528 

291 434 247 

292754944 
294079625 

295 408 296 

...296740963 

298077 632 

299418309 

...300763000 

302 111 711 

303 464 448 
...304821 217 

306 182024 

307 546 875 
...308915776 

310288733 
311 665 752 

...313046839 
314432000 
315 821 241 

,..317 214568 
318611 987 
320013504 
321 419 125 



ReciprocaL 
•001560062 

•001557632 

•001555210 

•001552795 

•001550388 

•001547988 

•001545595 
•001543210 

•001540832 

•001538462 

•001536098 

•001533742 

•001531394 
•001529052 
•0015267 18 
•001524390 
•001522070 
•001519757 
•OOI51745I 
•001515152 
•001512859 
•OOI510574 
•001508296 
•001506024 
•001503759 
•001501502 
•001499250 
•001497006 
•001494768 
•001492537 
•001490313 
•001488095 
•001485884 
•001483680 
•OOI481481 
•001479290 
•001477105 
•001474926 
•001472754 
•001470588 
•001468429 
•001466276 
•OOI464129 
•001 46 1 988 
•001459854 



C Log. 
80686 

80754 
..80821 

80889 

80956 

..81023 
81090 
81158 

..81224 
81291 

81358 
..81425 

81491 

81558 
..81624 

81690 

81757 
..81823 

81889 

81954 

..82020 
82086 
82151 

..82217 
82282 

82347 
..82413 

82478 

82543 
..82607 

82672 

82737 
..82802 

82866 

82930 

..82995 

83059 
83123 

..83187 
83251 

83315 

.83378 

83442 

83506 
83569 



24 



No. 


Square. 


Cube. 


ReciprocaL 


CLog. 


686 


47 05 96 


322828856 


•001457726 


83632 


687 


471969 


324 242 703 


•001455604 


83696 


688 


... 47 33 44 


...325660672 


-001453488 


83759 


689 


47 47 21 


327 082 769 


•OOI451379 


83822 


690 


47 61 00 


328 509 000 


•001449275 


83885 


691 


... 477481 


...329939371 


•OOI447178 


83948 


692 


47 88 64 


331373888 


•001445087 


8401 1 


693 


48 02 49 


332812557 


•00 1 44300 1 


84073 


694. 


... 48 1636 


...334255384 


'001440922 


84136 


695 


48 30 25 


335 702 375 


•001438849 


84198 


696 


48 44 16 


337 153 536 


•001436782 


84261 


697 


... 485809 


...338608873 


^001434720 


84323 


698 


48 72 04 


340 068 392 


•001432665 


84386 


699 


488601 


341532099 


•00 1 4306 1 5 


84448 


700 


... 490000 


...343000000 


•001428571 


84510 


701 


49 14 01 


344472101 


•001426534 


84572 


702 


49 28 04 


345 948 408 


•001424501 


84634 


703 


... 494209 


...347428927 


-001422475 


84696 


704 


495616 


348913664 


•001420455 


84757 


705 


497025 


350 402 625 


•001418440 


84819 


706 


... 498436 


...351 895 816 


-001416431 


84880 


707 


49 98 49 


353 393 243 


•001414427 


84942 


708 


50 12 64 


354894912 


-001412429 


85003 


709 


... 502681 


...356400829 


-001410437 


85065 


710 


50 41 00 


357 911 000 


-001408451 


85126 


711 


505521 


359425431 


•001406470 


85187 


712 


... 5069 44 


...360944 128 


'001404494 


85248 


713 


50 83 69 


362 467 097 


-001402525 


85309 


714 


50 97 96 


363 994 344 


•001400560 


85370 


715 


... 51 12 25 


...365525875 


-001398601 


85431 


716 


512656 


367 061 696 


•001396648 


85491 


717 


514089 


368601 813 


•001394700 


85552 


718 


... 515524 


...370146232 


-001392758 


85612 


719 


51 6961 


371694959 


-00139082 1 


85673 


720 


51 8400 


373 248 000 


•001388889 


85733 


721 


... 51 98 41 


...374805361 


-001386963 


85794 


1 722 


52 1284 


376367048 


-001385042 


85854 


723 


5227 29 


•377933067 


-001383126 


85914 


f 724 


... 5241 76 


—379503424 


-001381215 


85974 


725 


525625 


381 078 125 


-001379310 


86034 


726 


527076 


382657176 


•001377410 


86094 


727 


... 528529 


...384240583 


"001375516 


86153 


728 


52 99 84 


385828352 


-001373626 


86213 


729 


53 14 41 


387 420 489 


•001371742 


86273 


730 


53 29 00 


389017 000 


•001369863 


86332 



25 



Na 


Sfimic 


Oibe. 


RedprocaL 


CLoS. 


731 


53 43 <^i 


390617891 


-001367989 


86392 


73a 


53 58 24 


392 223 168 


'OOI36612O 


86451 


733 


...537289 


...393832837 


x>oi364256 


86510 


734 


53 87 56 


395 446 904 


•001362398 


S6570 


735 


54 02 25 


397 065 375 


^001360544 


86629 


736 


...54169^ 


...398688256 


x>oi358696 


86688 


737 


54 31 69 


400315553 


^001356852 


86747 


738 


54 4^^44 


401 947 272 


^001355014 


86806 


739 


... 5461 21 


...403583419 


•001353180 


86864 


740 


547600 


405 224 000 


"001351351 


86923 


741 


549081 


406869021 


"001349528 


86982 


742 


... 5505^^4 


...408518488 


"001347709 


87040^ 


743 


55 20 49 


410172407 


'ooi 345895 


87099 


744 


55 35 36 


411 830 784 


"ooi 344086 


87157 


745 


.555025 


-.-413493625 


"001342282 


87216 


746 


55 65 16 


415 160 936 


•001340483 


87274 


747 


558009 


416832723 


•001338688 


87332 


748 


...559504 


...418508992 


-001336898 


87390 


749 


56 10 01 


420 189 749 


W1335113 


87448 


750 


562500 


421875000 


"001333333 


87506 


75 » 


,.. 564001 


...423564751 


001331558 


87564 


75a 


56 55 04 


425 »59 008 


^001329787 


87622 


753 


56 70 09 


426957777 


XX)I32802I 


87679 


754 


— 568516 


...428661064 


x>oi32626o 


87737 


755 


570025 


430368875 


^001324503 


87795 


756 


57 15 36 


432081 216 


"001322751 


87852 


757 


... 573049 


...433798093 


•001321004 


87910 


758 


57 45 64 


435519512 


•OOI3I9261 


87967 


759 


57 60 81 


437 245 479 


•001317523 


88024 


760 


... 577600 


...438976000 


001315789 


88081 


761 


57 91 21 


440711081 


'001314060 


88138 


763 


58 06 44 


442450728 


•001312336 


88195 


763 


... 5821 69 


...444194947 


-001310616 


88252 


764 


58 36 96 


445 943 744 


•001308901 


88309 


765 


58 52 25 


447697125 


•001307190 


88366 ^ 


766 


... 586756 


...449455096 


•001305483 


88423 1 


767 


58 82 89 


451 217 663 


•001303781 


88480 


768 


58 98 24 


452 984 832 


•001302083 


88536 


769 


... 59 13 61 


...454756609 


'001300390 


88593 


770 


592900 


456 533 000 


•001298701 


88649 


771 


594441 


458314011 


•001297017 


88705 


773 


.- 595984 


...460099648 


001295337 


88762 


773 


59 75 29 


461 889917 


•001293661 


88818 


774 


59 90 76 


463684824 


•001291990 


\ ^^^^^ 


775 


6006 2^^ 


465 484 375 


•001290^2^ 



\ 



2S 



No. 


Square. 


Cube. 


Reciprocal 


C Log. 


776 


60 21 76 


467 288576 


•001288660 


88986 


777 


6037 29 


469057433 


•001287001 


39042 


778 


... 605284 


...470910952 


-001285347 


89098 


779 


606841 


472729139 


•001283697 


89154 


780 


60 84 00 


474552000 


•001282051 


89209 


781 


... 609961 


...476379541 


^001280410 


89265 


782 


61 1524 


478 211 768 


•001278772 


89321 


7«3 


613089 


480 048 687 


•OOI277139 


89376 


784 


... 614656 


...481890304 


.......001275510 


89432 


785 


61 62 25 


483736625 


•001273885 


89487 


786 


617796 


485 587 656 


X)OI272265 


89542 


787 


... 619369 


...487 443 403 


'001270648 


89597 


788 


62 09 44 


489303872 


♦001269036 


89653 


789 


62 25 21 


491 169069 


•001267427 


89708 


790 


... 624100 


-.493039000 


^001265823 


89763 


791 


625681 


494913671 


•001264223 


89818 


792 


62 72 64 


496793088 


•00126262^ 


• 89873 


793 


... 628849 


...498677257 


^001261034 


89927 


794 


630436 


500566 184 


•001259446 


89982 


795 


63 20 25 


502459875 


•001257862 


90037 


796 


... 633616 


...504358336 


^001256281 


90091 


797 


635209 


506261573 


•001254705 


90146 


798 


63 68 04 


508 169592 


'OOI253133 


90200 


799 


... 638401 


...^10082 399 


^001251564 


90255 


800 


64 00 00 


512 000000 


•001250000 


90309 


8oi 


64 16 01 


513922401 


•001248439 


90363 


802 


... 643204 


...515849608 


•ooi 246883 


90417 


803 


64 48 09 


517781627 


•001245330 


90472 


804 


6464 16 


519718464 


•OOI 24378 1 


90526 


805 


... 648025 


...521 660 125 


.......001242236 


90580 


806 


64 96 36 


523606616 


•001240695 


90634 


807 


651249 


525557943 


•001239157 


90687 


808 


... 652864 


•-527 5U 112 


'001237624 


90741 


809 


654481 


529475129 


•001236094 


90795 


810 


65 61 00 


531 441 000 


•001234568 


90849 


811 


... 6577.21 


—533 411 731 


^001233046 


.90902 


812 


65 93 44 


535 387 328 


•OOI23I527 


90956 


813 


66 09 69 


537 367 797 


•001230012 


91009 


814 


... 66 2596 


—539353144 


•OOI22850I 


91062 


815 


66 42 25 


541343375 


•001226994 


9II16 


816 


6658.56 


543 338 496 


•001225490 


91169 


817 


... 667489 


—545338513 


'001223990 


91222 


818 


66 91 24 


547 343 432 


•001222494 


91275 


819 


67 07 61 


549 353 259 


•001221001 


91328 


/ S20 I 


6*^ 24 00 


551368000 


•001219512 


91381 



27 



No. 


Square. 


Cube. 


821 


67 40 41 


553 387 661 


822 


67 56 84 


555412248 


823 


... 677329 


•.•557441767 


824 


678976 


559476224 


825 


68 06 25 


561515625 


826 


... 68 2276 


.-563559976 


827 


68 39 29 


565 609 283 


828 


68 55 84 


567 663 552 


829 


... 68 72 41 


...569722789 


830 


68 89 00 


571 787 000 


831 


690561 


57.3856191 


832 


... 69 22 24 


.-575930368 


833 


69 38 89 


578^009537 


834 


69 55 56 


580093704 


835 


... 6972 25 


...582 182875 


836 


698896 


584 277 056 


837 


700569 


586 376 253 


838 


... 70 22 44 


...588480472 


839 


703921 


590589719 


840 


705600 


592 704000 


841 


... 707281 


...594823321 


843 


708964 


596 947 688 


843 


71 06 49 


599077107 


844 


... 712336 


...601 211 584 


845 


714025 


603351125 


846 


7157 16 


605 495 736 


847 


... 717409 


...607645423 


848 


71 91 04 


609800 192 


849 


720801 


611 960049 


850 


... 722500 


...614 125000 


851 


724201 


616295051 


852 


725904 


618 470208 


853 


... 727609 


...620650477 


854 


729316 


62;2 835 864 


855 


731025 


625026375 


856 


- 732736 


...627 222016 


857 


73 44 49 


629422793 


858 


736164 


631 628 712 


859 


... 737881 


— 633839779 


860 


739600 


636 056 000 


861 


741321 


638 277 381 


862 


... 743044 


...640.503 928 


863 


744769 


642735647 


864 


746496 


644972544 


865 


74^2 2^1 


^4f 214 62$ 



ReciprocaL 
•00121802.7 

•001216545 

'001215067 

•OOI213592 

•OOI2I2I21 

'001210654 

'00 1209 1 90 

•001207729 

'001206273 

'001204819 
•001203369 

'001201923 

•001200480 
'OOII9904I 

'001197605 

•001196172 
•001194743 

^0119331.7 

'ooi 191895 

•001190476 

..«..*ooii89o6i 
•001187648 
'OOI 186240 

'001184834 

•001183432 
•001182033 

'ooi 180638 

•001 179245 
•001177856 

'001176471 

'OOI 175088 
'ooi 173709 

'001172333 

'OOI 170960 
•001169591 

'001168224 

•OOI 166861 
•001165501 

..<..'ooii64i44 
'001162791 
•001161440 

......001160093 

^001158749 
'ooiic^T^oT 
•OOI 1 56069 



C Log. 

9M34 
91487 

..91540 

91593 
91645 

..91698 

9175^ 
91803 

.9^855 
91908 
91960 

..92012 
92065 
92 117 

,..92169 
92221 

92273 

..92324 
92376 

92428 

..92480 

92531 

92583 

.92634 
92686 

92737 
..92788 

92840 

92891 

..92942 

92993 

93044 

-93095 

93146 

93197 
..93247 

93298 
93349 
.•93399 
93450 
93500 

..93551 
93601 

^^^^^ 



\ ^^^^^ \ 

\ ^^n^*^ \ 



28 



No. 


Square. 


Cube. 


ReciprocaL 


C. Log. 


866 


749956 


649 461 896 


•001154734 


93752 


867 


751689 


651 714 363 


•001153403 


93802 


868 


...753424 


...653972032 


'001152074 


93852 


869 


7551 61 


656 234 909 


•001150748 


93902 


870 


75 69 00 


658 503 000 


•001149425 


93952 


871 


... 758641 


...660 776 311 


•001148106 


94002 


872 


76 03 84 


663 054 848 


•001146789 


94052 


873 


7621 29 


665338617 


•001145475 


94IOI 


874 


... 7^^3876 


...667 627 624 


^001144165 


94151 


875 


765625 


669921875 


•001142857 


94201 


876 


767376 


672 221 376 


•OOII41553 


94250 


877 


... 7691 29 


...674526133 


•ooi 140251 


94300 


878 


77 08 84 


676836152 


•001138952 


94349 


879 


772641 


679 151 439 


•00113765,6 


94399 


880 


... 774400 


...681 472 000 


-001136364 


94448 


881 


7761 61 


683797841 


•001135074 


94498 


882 


777924 


686128968 


•001133787 


94547 


883 


...779689 


...688465387 


-001132503 


9459^ 


884 


781456. 


690807 104 


•001131222 


94645 


885 


783225 


693 154 125 


•001129944 


94694 


886 


... 784996 


...695506456 


.........001 128668 


94743 


887 


786769 


697 864 103 


•001127396 


94792 


888 


78 85 44 


700 227 072 


•001126126 


94841 


889 


... 790321 


...702595369 


-001124859 


94890 


890 


792100 


704 969 000 


•001123596 


94939 


891 


793881 


707347971 


•001122334 


94988 


892 


... 795664 


...709732 288 


'001121076 


95036 


893 


79 74 49 


712 121 957 


•001119821 


95085 


894 


799236 


7I4516984 


•001118568 


95134 


895 


... 80 1025 


...716917375 


.......001117318 


95182 


896 


802816 


719323136 


•001116071 


95231 


897 


80 46 09 


721734273 


•001114827 


95279 


898 


... 806404 


...724150792 


001113586 


95328 


899 


808201 


726572699 


•OOIH2347 


9531^ 


900 


81 0000 


72900^600 


•oomiiii 


95424 


901 


... 81 1801 


...7314^2701 


^001109878 


95472 


902 


81 3604 


733 870 808 


•QDI 108647 


95521 


903 


81 5409 


736314327 


•QOl 107420 


95569 


904 


... 81 72 16 


.••738763264 


-001106195 


95617 


905 


81 90 25 


741217625 


•001104972 


95665 


906 


820836 


743677416 


•001103753 


95713 


907 


... 82 26 49 


...746 142643 


'001102536 


95761 


908 


82 44 64 


748613312 


•001101322 


95809 


909 


826281 


751089429 


•001100110 


95856 


910 


82 81 00 


753571000 


-001098901 


95904 
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No. 


Square. 


911 


82 9921 


912 


83 17 44 


913 


— 833569 


914 


83 53 96 


9^5 


837225 


916 


... 839056 


917 


84 08 89 


918 


842724 


919 


... 844561 


920 


84 64 00 


921 


848241 


922 


... 85 00 84 


923 


851929 


924 


85 37 76 


9^5 


... 855625 


926 


857476 


927 


85 93 29 


928 


... 86 II 84 


929 


863041 


930 


86 49 00 


931 


... 8667 61 


932 


868624 


933 


87 04 89 


934 


... 872356 


935 


87 42 25 


936 


87 60 96 


937 


... 87 7969 


938 


87 98 44 


939 


88 17 21 


940 


... 883600 


941 


885481 


942 


887364 


943 


... 88 92 49 


944 


89 II 36 


945 


89 30 25 


946 


... 89 49 16 


947 


89 68 09 


948 


89 87 04 


949 


... 900601 


950 


90 25 00 


951 


904401 


9B^ 


... 906304 


953 


90 82 09 


954 


91 01 16 


955 


91 2025 



Cube. 
756058031 

758550528 
...761 048 497 

76355^944 
766060875 

-768575296 

771095213 

773620632 

..•776151559 
778688000 

781 229961 

-783777448 
786330467 
788889024 

...791453125 
794022776 

796597983 

...799178752 

801 765089 

804 357 000 

...806 954491 

809 557 568 
812 166237 

...814780504 
817400375 
820025856 

...822656953 
825293672 
827 936019 

...830584000 
833237621 
835 896 888 

...838561807 
841232384 
843908625 

...846590536 
849278 123 

851971392 
...854670349 

857375000 

860085351 

...862 801 408 

865523177 
868 250 664 

870983875 



Reciprocal 
•001097695 

'001096491 
•001095290 
'001094092 
•001092896 
•OOIO91703 
•001090513 
•001089325 
•00 1 088 1 39 
•001086957 
•001085776 
•001084599 
•001083424 
•001082251 
•OOI081081 
•OOIO799I4 
•001078749 
•001077586 
•001076426 
•001075269 
•OOIO74II4 
•00 1 07 296 1 
•00107 181 1 
•001070664 
•OOI069519 
•001068376 
•001067236 
•001066098 
•001064963 
•001063830 
•001062699 
•00106 157 1 
•001060445 
•001059322 
•OOIO582OI 
•001057082 
•001055966 
•001054852 
•OOIO5374I 
•001052632 
•001051525 
•001050420 
•001049318 
•OOIO48218 
•001047 120 



C. Log. 
95952 

95999 
..96047 

96095 

96142 

..96190 

96237 

96284 

..96332 

96379 
96426 

.96473 
96520 

96567 
..96614 

96661 

96708 

..96755 
96802 

96848 

..96895 
96942 

96988 

..97035 
97081 

97128 

..97174 
97220 
97267 

.•97313 
97359 
97405 

..97451 

97497 

97543 
..97589 

97635 
97681 

..97727 

97772 
97818 

..97864 

97909 

91955 
98000 
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No. 


Square. 


Cube. 


Reciprocal. 


C Log. 


95d 


913936 


873722816 


'OOIO46025 


98046 


957 


915849 


876467493 


'OOIO44932 


98091 


958 


... 917764 


...879 217 912 


'OOIO4384I 


98137 


959 


91 9681 


881 974079 


•001042753 


98182 


960 


92 1600 


884 736 000 


•OOIO41667 


98227 


i 961 


-. 923521 


...887503681 


'oo 1040583 


98272 


962 


92 54 44 


890 277 128 


•00 1 03950 1 


98318 


963 


927369 


893 056 347 


•001038422 


98363 


964 


... 929296 


...895841344 


-001037344 


98408 


965 


931225 


898632 125 


•001036269 


98453 


966 


933156 


901 428 696 


•OOIO35197 


98498 


967 


... 939089 


...904231063 


•OOIO34I26 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


i 969 


938961 


909 853 209 


•OOIO31992 


98632 


; 970 


... 940900 


...912673000 


'001030928 


98677 


971 


94 28 41 


915 498 611 


•001029866 


98722 


972 


94 47 84 


9^18330048 


•001028807 


98767 


913 


... 94 67 29 


...921 167 317 


^001027749 


98811 


974 


948676 


924010424 


•001026694 


98856 


975 


95 0625 


926859375 


•OOIO2564I 


98900 


976 


... 952576 


...929714 176 


•001024590 


98945 


i977 


95 45 29 


932574833 


•OOIO2354I 


98989 


978 


956484 


935441352 


•001022495 


99034 


979 


... 958441 


...9383^3739 


'001021450 


99078 


980 


g6 04 00 


941 192 000 


'OOIO20408 


99123 


981 


g6 23 61 


944076 141 


•001619368 


99167 


982 


... 964324 


...946 966 168 


'OOIOI833O 


992II 


983 


g6 62 89 


949862 087 


•001017294 


99255 


984 


968256 


952763904 


'OOIO16260 


99300 


985 


... 97 02 25 


...955671625 


'001015228 


99344 


986 


97 21 96 


958 585 256 


•0010x4199 


99388 


987 


97 41 69 


961504803 


•OOIOI317I 


99432 


988 


... 97 61 44 


...964430272 


'OOIOI2146 


99476 


989 


97 81 21 


967 361 669 


'OOIOII122 


Sf9520 


990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 


991 


... 98 2081 


...973242271 


'OOIOO9082 


99607 


992 


98 40 64 


976 191 488 


•001008065 


99651 


993 


98 60 49 


979 146 657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


•001006036 


99739 


995 


990025 


985074875 


•001005025 


99782 


996 


99 20 16 


988 047 936 


•OOIOO4OI6 


99826 


997 


... 99 4009 


...991 026 973 


'OOIOO3OO9 


99870 


998 


99 6004 


994 on 992 


•001002004 


99913 


999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


1000 j 


...100 00 00 


...1000 000 000 


I •oo\oooooo 


\. 00000 
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Table 1 a. — ^Appbozimate Squark Ain> Cube Roots and 
Becipbogals or Pbime Nukbebs fbom 2 to 97. 



Na 
2 



Square Root. 
1-4142136 

a 17320508 

5 2*2360680 

7 2-6457513 

II 3-3x66248 

13 3-6055513 

17 41231056 

19 4*3588989 

«3 47958315 

29 5*3851648 

3^ 5*5677644 

37 ...... 6-0827625 

41 6-4031242 

43 6-557438S 

47 68556546 

S3 7-2801099 

59 76811457 

61 7-8102497 

67 8x853528 

71 8-426x498 

73 8-5440037 

79 8888x944 

83 9-1104336 

89 9'43398ii 

93 9*6436508 

97 9-84885;a 



Cube RooC 
X-2599210 

1-4422496 

17099759 
1-9x293x2 

2-2239801 



ReciprocaL 
0*500000000 

•333333333 

•200000000 

•142857x43 
•090909091 



•»•••• 



2*3513347 -076923077 

2-57x28x6 '058823529 

2-66840x6 '052631579 

2-8438670 '043478261 

3-0723x68 '034482759 

3-14x3806 'O32258065. 

3-33222x8 'O27027027 

3'4482i72 -024390244 

3*5033981 -0232558x4 

3-6088261 •02 x27660a 

3*7562858 '0x8867925 

3-8929965 '0x6949x53 

3*9364972 '016393443 

4'o6x548o '0x4925373 

4-1408x78 '0x4084507 

4*1793392 -0x3698630 

4*2908404 '0x2658228 

4-3620707 -0x2048x93 

4*4647451 '011235955 

4*5306549 'oxo-j 5268a 

4-5947009 •0\0'^0^'i*\"^ 
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TABTiK OF SQUABES 


AND FIFTH POWERS. 




Square. 


Fifth Power. 




Square. 


Fifth Power. 


lO 


I 00 


I 00000 


55 


3025 


5032 84375 


II 


I 21 


I 61051 


56 


3136 


5507 31776 


12 


144 


a 48832 


57 


3249 


6016 92057 


13 


I 69 


371293 


58 


3364 


6563 56768 


14 


I 96 


637824 


59 


3481 


7149 24299 


15 


225 


7 59375 


60 


3600 


7776 00000 


16 


256 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


18 89568 


63 


3969 


9924 36543 


19 


361 


24 76099 


64 


4096 


10737 41824 


20 


400 


32 00000 


65 


4225 


1 1602 90625 


21 


441 


40 84101 


66 


4356 


1252332576 


22 


484 


51 63632 


67 


4489 


I350I 25107 


23 


529 


64 36343 


68 


4624 


14539 33568 


24 


576 


79 62624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


205 1 1 149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


23730 46875 


31 


961 


28629151 


76 


5776 


25355 25376 


32 


10 24 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


28871 74368 


34 


II 56 


454 35424 


79 


62 41 


30770 56399 


35 


1225 


525 21875 


80 


6400 


32768 00000 


36 


12 96 


604 66176 


81 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


79235168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


4182I 19424 


40 


1600 


1024 00000 


85 


7225 


4437053125 


41 


16 81 


1 158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


147008443 


88 


77 44 


52773 I9168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


81 00 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 2 1 451 


47 


22 09 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


2500 


3125 00000 


95 


9025 


77378 09375 


51 


2601 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


91 


9409 


85873 40257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


^^M^ 


29 16 


4591 65024 


99 


9801 


95099 00499 
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Table 2 a.— Pbime Factobs of Numbebs up to 256. 

(Numbers without Factors are themselyeB Prime.) 



2 




42 = 


= 2-37 


82 = 


~ 2*41 


3 




43 




83 




4 = 


:2a 


44 


22*11 


84 


22-37 


5 




45 


3*5 


85 


517 


6 


2*3 


46 


223 


86 


2'43 


7 




47 




87 


329 


8 


28 


48 


2*3 


88 


28-11 


9 


3« 


49 


7« 


89 




10 


25 


50 


252 


90 


2-32-S 


II 




51 


317 


91 


713 


12 


22-3 


52 


22.13 


92 


22-23 


13 




53 




93 


3'3i 


14 


27 


54 


3.38 


94 


2-47 


15 


3*5 


55 


5" 


95 


519 


i6 


2* 


56 


287 


9^ 


26-3 


17 




57 


319 


97 




i8 


a.32 


58 


2*29 


98 


272 


19 




59 




99 


3*-ii 


20 


2*5 


60 


22-3 -5 


100 


22.52 


21 


37 


61 




lOI 




22 


2-II 


62 


231 


102 


2-3-I7 


23 




63 


3*7 


103 




34 


28-3 


64 


2« 


104 


28-13 


25 


52 


<J5 


513 


105 


357 


26 


2-13 


66 


2'3'H 


106 


253 


27 


3» 


67 




107 




28 


227 


68 


22-17 


108 


22.3S 


29 




69 


323 


109 




30 


2-3'5 


70 


2-57 


no 


2-5-II 


3^ 




71 




III 


337 


32 


25 


72 


28*^2 


112 


2*7 


33 


3'" 


73 




"3 




34 


2*17 


74 


237 


114 


2-3-I9 


35 


57 


75 


3*5* 


"5 


523 


36 


22.38 


76 


22*19 


1x6 


22-29 


37 




77 


711 


117 


3*13 


38 


2*19 


78 


2-3I3 


118 


2-59 


39 


313 


79 




"9 


7-17 


40 


285 


80 


2*5 


120 


^^"i:? 


41 




81 


3* 


lax 


x\^ 



Zi 



122 
123 
124 
125 
126 
127 
128 
129 
130 

132 

133 

134 

135 
136 

137 
138 

139 

140 

141 
142 

U3 

144 

145 
146 

147 
148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 
160 

161 

162 

163 

T64 

165 

j66 



4 

2*61 


167 




212 s 


= 22-53 


3*41 


168 = 


= 28-37 


213 


3-71 


2*3 1 


169 


13* 


214 


2-107 


5^ 


170 


2-5-17 


215 


5*43 


2-3*7 


171 


32.19 


216 


28.38 




172 


22.43 


217 


7*31 


27 


173 




218 


2*109 


3'43 


X74 


2-3-29 


219 


373 


2-513 


175 


5*7 


220 


22-5-11 




176 


2**II 


221 


1317 


22-3-n 


177 


3*59 


222 


2 3 37 


719 


178 


289 


223 




267 


179 




224 


26.y 


3^-5 


180 


22-32-5 


225 


3*5* 


2»I7 


181 




226 


2-113 




182 


27-13 


227 




2-3-23 


183 


3'6i 


228 


22-3-19 




184 


23-23 


229 




22-57 


185 


537 


230 


2-5-23 


3*47 


186 


2-3-31 


231 


37'ii 


2-71 


187 


11-17 


232 


28-29 


1113 


188 


22.47 


233 




2*3* 


189 


3'7 


234 


2-3*13 


529 


190 


2-5-19 


235 


5-47 


273 


191 


^fc 


236 


2*59 


3-7* 


192 


263 


237 


379 


32-37 


193 




238 


2-7-17 




194 


2-97 


239 


/ 


2-3-5* 


195 


5'3i3 


240 


2*3-5 




196 


2272 


241 




2^-19 


197 




242 


2-H* 


3*17 


198 


2'32-n 


243 


K. 


2-7-11 


199 


t% tfk 


244 


22-01 


5-31 


200 


28-5* 


245 


57* 


22-3-13 


201 


3-67 


246 


2-3'4i 




202 


2-I0I 


247 


13-19 


279 


203 


729 


248 


28391 


353 


204 


22.3-17 


249 


383 


26-5 


205 


5'4i 


250 


2-5* 


723 


206 


2-103 


251 




2-3* 


207 


3*23 


252 


22-32-7 




208 


2*-i3 


253 


11-23 


22-41 


209 


II-I9 


254 


2*127 


3-5" 


210 


2-3*57 


255 


3'S'^J 


2-83 


211 




256 


28. 
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Tables 3 and 3 a— Hyperbolic, Napertak, or 
Natural Logarithms. 

1. Table 3 gives the hyperbolic logaritlims of integer numbers 
from 1 to 100. To. find the hyperbolic logarithm, of an integer 
number consisting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
significant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second column of Table 3 A). For ^cample^ to find 
the hyperbolic logarithm of 3700;^ 

Hyp. log. 37, 3-61092^ 

2xHyp. log. 10, ; 4-60517 

Hyp. log..370a, 8-2T609 

Note. — Multiples of the hyperbolic logarithm^ of 10 may be taken 
from the second column of Table 3 A. 

2. The hyperbolic logarithm^ of the^ product of two numbers is 
the suia of their hyperbolic logarithms. For example^ 

Hyp. log. 74„ 4^30407 

Hyp. log. 50, 3-91202 

Hyp. log. 3700, 8-21609 

3. To find the hyperbolic logarithm of a decimal fraction contain- 
ing not more than two significant figures; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will be positive or negative according as 
the fraction is greater or less than 1. For example, 

Hyp. log. 37, 3-61092 

Hyp. log. 10, 2-30259 

Hyp. log. 3-7, + 1 -30833 

Hyp. log. 37, 3-61092 

3 X Hyp. log. 10, 6-90776 

Hyp. log. 0-037, - 329684 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negative, 

4. Examples of the use of Table 3 A. 

L To find the hyperbolic logarithm of 377 from its common 
logarithm; 
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2*57634^ common logarithm. 

2- 4-605170 

6 M51293 

7 161181 

6 13816 

3 691 

4 92 

Sm», 5-932243 

The required hyperbolic logarithm is thus found to be 5*93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

IL To find the common logarithm corresponding to the hyper- 
bolic logarithm 5-93224; 

5- 2171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2-57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum; then add together twice the quotient^ two- 
thirds of its cube, two-fifths of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attained; the residt of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Required the hyperbolic logarithm of ^=j^. 

Iji fflftyftTi fifl 7 

^ ^j= =3 0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 s= -0187416 

Cube, -0000009 X^ = -0000006 

377 ~ 

Hyp. log. of ft=^ correct to the seventh place of decimals, -0187422 

Note. — This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. For example, to find the 
hjperholic logarithm of 377, ^e have 
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From the tobies, I j^^ j^^ 10, 2-30258 

hyp. log. 370, 5-91350 

377 
Hyp, log. «=g, already cakmlated, 0-01874 

Hyp. log. 377, 5-93224 

6. To find the <mtiloff€mthm (or natural number) corresponding 
to a given positive hyperbolic logarithm, by calculation, without 
Hsing logarithmic tables; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degree of accuracy ; 

First term =: .-«.k 

Second term := The given hyp. log. 

Thirdterm = second term X SIEJ^IiJ^;. 
Fourth tena=tBird term ^Sl^^^tJSk, 

Rflhterm = fourth term X ^I^BJ^ZElJSft- 

and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

ExAMPTiR — To calculate the hyperbolic antilogarithm of 1 (in 
other words,, the number whose hyperbolic logarithm is 1) to 
8even places of decimals; 

Ist term, 1-0000000 

2d „ 1-0000000 

3d „ = 2d X i 0-5000000 

4th „ = 3d X i 01666667 

5th „ = 4th X i 00416667 

6tL „ = 5th X ir 00083333 

7th „, = 6th X J 0-0013889 

8tb „. = 7th X f 0-0001984 

9th „ = 8th X i 00000248 

10th „ = 9th X ♦ 00000027 

11th „ = 10th X tV 00000003 

Hyperbolic antilogarithm of 1 » 2*7182818 

This number is called the base of the Ufapericm LogaaithmA^ «xv<l 
denoted in algebra by the symbol c or 0» 
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irUMBEBS AND HGUBES. 



TaBLU 3. — HlfKitBOLIO LoOABrrHMS. 



Noi 


^5rp.Log; 


No. 


Hyp. Log. 


Na 


Hyp. Log. 


Na 


HypiLog. 


I 


0*00000 


26 


3*25810 


51 


3-93183 


76 


433073 


2 


0*69315 


^7 


329584 


52 


3*95^24 


77 


4-34381 


3 


1*09861 


28 


3*33220 


53 


3*97029 


78 


4*35671 


4 


1*38629 


29 


336730 


54 


3*98898 


79 


4*36945 


5 


1*60944 


30 


3*40120 


55 


4*00733 


80 


438203 


6 


1*79176 


3' 


3*43399 


56 


4*02535 


81 


4*39445 


7 


1*94591 


32 


3*46574 


57 


4*04305 


82 


4*40672 


8 


207944 


33 


3*49651 


58 


4*06044 


83 


441884 


9 


2*19722 


34 


3*52636 


59 


407754 


84 


4*43082 


lO 


230259 


35 


3*55535 


60 


4*09434 


85 


4*44265 


II 


239790 


36 


3*5«352 


61 


4*11087 


86 


4*45435 


12 


2*48491 


37 


3*61092 


62 


4*12713 


87 


4*46591 


13 


2-56495 


38 


363759 


63 


4*14313 


88 


4*47734 


14 


263906 


39 


366356 


64 


4*15888 


89 


4-48864 


15 


270805 


40 


368888 


65 


417439 


90 


4*49981 


i6 


277259 


41 


3*71357 


66 


4*18965 


91 


4*51086 


17 


2*83321 


42 


3*73767 


67 


4*20469 


92 


4*52179 


i8 


289037 


43 


3*76120 


68 


4*21951 


93 


4*53260 


^9 


2*94444 


44 


3*78419 


69 


423411 


94 


^•54329 


20 


2*99573 


45 


3*80666 


70 


4*24850 


95 


4*55388 


21 


3*04452 


46 


382864 


71 


4*26268 


96 


456435 


22 


309104 


47 


3*85015 


72 


4*27667 


91 


4*57471 


23 


3*13549 


48 


3*87120 


73 


4*29046 


98 


4-58497 


24 


3*17805 


49 


3*89182 


74 


430407 


99 


4*59512 


25 


321888 


50 


3*91202 


75 


4*3^749 


100 


4*60517 



Hyp. log. 10, correct to eight places of decimals, = 2*30258509. 



Table 3 a. — ^Multipliers for Converting Logarithms. 



CcmmoQ into Hyperbolia 



Hyperbolic into C<nnmoiL 



I 

2 

3 

4 


2-302585 
4*605170 

6907755 
9*210340 


0434294 
0868589 
1*302883 
1737178 


I 
2 

3 

4 


5 
6 

7 
8 

9 


11*512925 
13*8155^0 
16*118096 
18*420681 
20*723266 


217147a 
2*605767 
3*040061 

3*474356 
3*908650 


5 
6 

7 
8 

9 





23025851 


4*342945 


10 



CIBCtTLAB LENGTHS AND AREAS. 
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Table 4. — Multipliers for the Conversion of Circular 

Lengths and Areas. 





A.— drcnmferencoB BL— Diameters 


C— Oircumferencet 


1 D.— Radius-Lengths 




into 


into 


into 


into 






Diametera. 


Circnmferences. 


Radius-Lengths. 


Circumferences. 




t 


3'i4i6 


0-3x831 


6*2832 


O-15916 


1 


2 


6-2832 


0*63662 


12-5664 


0-3x831 


2 


3 


94248 


095493 


188496 


0-47747 


3 


4 


1 2 '5664 


1-27324 


25-1327 


0*63662 


4 


5 


157080 


1-59155 


31-4159 


0-79578 


5 


6 


18-8496 


1*90986 


37*6991 


095493 


6 


7 


21-9911 


2-228x7 


43-9823 


1-11409 


7 


8 


25-1327 


2-54648 


50-2655 


1*27324 


8 


9 


28-2743 


2*86479 


56-5487 


1*43240 


9 


lO 


31-4159 


3-183IO 


62*83x9 


1*59155 


10 




B.~Circn]ar Areas F.--SqtuiTe Areas 


G.— Degrees 


H.— Radius-Lengths 






into 


into 


into 


into 






Square Areas. 


Circular Areas. 


Radius-Lengths. 


Degrees. 




1 


0-7854 


1*2732 


0-0174533 


57-2958 


1 


2 


1-5708 


^^•5465 


0-0349066 


114-5916 


2 


3 


2-3562 


3-8x97 


00523599 


171-8873 


3 


4 


3-I416 


50930 


0-0698x32 


229-1831 


4 


5 


3-9270 


6-3662 


0*0872665 


286*4789 


5 


6 


4-7124 


7-6394 


0-1047197 


3437747 


6 


7 


5-4978 


8-9127 


0*1221730 


401*0705 


7 


8 


6*2832 


10-1859 


0*1396263 


458-3662 


8 


9 


7-0686 


11-4592 


0-1570796 


5x5*6620 


9 


lO 


7-8540 


12*7324 


0-1745329 


5729578 


10 




I— Minnies K—Badins-Lengths 


L.— Seconds 


M.— Radius-Lengtha 


1 




into 


into 


into 


into 






Radins^Lengths. 


Minutes. 


Radius-Lengths. 


Seconds. 




I 


0-000291 


3437-75 


0*000005 


206265 


I 


2 


0-000582 


6875-50 


0*0000x0 


412530 


2 


3 


0-000873 


10313*24 


0*0000x5 


6x8794 


3 


4 


0*001164 


13750-99 


0*0000x9 


825059 


4 


5 


0001454 


17188*74 


0-000024 


IO31324 


5 


6 


0-001745 


20626-48 


0-000029 


1237589 


6 


7 


0-002036 


24064*23 


0*000034 


1443854 


7 


8 


0-002327 


27501*97 


0-000039 


165OXX8 


8 


9 


0-002618 


30939-72 


0*000044 


1856383 


9 


ID 


0*002909 


34377-47 


0-000048 


2062648 


10 


20 


0*005818 




0*000097 




20 


30 


0-008727 




0-000145 




30 


40 


0*011636 




0-000194 




V^ 


50 


0-014344 




0*000242 




V 



40 irUXBKBS AND nGXTBBS. 

EZAHPLBS OF THE XJeOB OF TABLE 4. 

I. What is the circuinference of a circle whose diameter is 113 
inches ? From division A of the table, we have the following : — 

100 3U16 

10 31-416 

3 9-4248 

1T3 Sim, 3550008 

The answer is 355 inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the radius of a circle whose circumference is 710 
inches) From division B of the table, we have the following: — 

700 111-409 

JO 1-5916 

710 Sum, 1130006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 

IIL What is the area in square inches of a circle of 8 inches 
diameter? Square of 8 = 64 = area in drcula/r inches. Then, by 
division E of the table, 

60 47124 

4 31416 

Area in sqtiare inches {to Jive figures (rrdy), 50*266 

rV. What is the diameter of a circle whose area is 502.7 square 
inches? From division F of the table we have 

5000 6366-2 

20 25-465 

7 8-9127 

Area in drcala/r inches {to five fibres ordy), 6400-6 

the square root of which (by Table 1, the fractions being found by 
calcuhttion) is 80*004, being the diameter required in inches, correct 
to five places of figures. 
V. How many radius-lengths are there in an arc of 57° 17' 45^1 

Badiiis-Leiigti&. 

From division G, 6(f 0-872665 

— — r 0-122173 

— — I, 10' 0-002909 

— — r 0-002036 

— — L, 40" 0-000194 

— — 5" 0-000024 

Total, 57° ir 45" 1-000001 

or almost exactly one radius-length. 



dSOULAB LENGTHS AND AXEAB, 41 

VL How many minutes are there in the arc which is one- 
eightieth (or 0*0125) of a radius-length t By division K we have 

01 34-3775 

•002 6-8755 

•OOOa 1-7189 

42-9719 Answfft; 
or 42' 58" nearly. 
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EZPLANATIOK OF TaBLE 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of dixies are proportional to the squares of their 
diameterSi 



Table 5. — Cibcumferences and 


Abeas of Ciroues. 


Diam. 


Circtun. 


Area. 


Dianu 


Grcum. 


Area. 


lOI 


3^*30 


8oia 


146 


45867 


16743 


103 


32044 


8I7I 


147 


461-81 


1697a 


103 


323*58 


8333 


148 


464*96 


17203 


104 


32673 


8495 


149 


468*10 


17437 


105 


32987 


8659 


150 


471-24 


1767I 


106 


33301 


8825 


151 


47438 


17908 


107 


33615 


8993 


152 


477*52 


18146 


108 


33929 


9I6I 


153 


480*66 


18385 


109 


342*43 


9331 


154 


483*81 


18627 


1 10 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


49009 


I9I13 


112 


351*86 


9853 


157 


493*23 


19359 


"3 


35500 


10029 


158 


49637 


19607 


114 


358*14 


10207 


159 


499'5i 


19856 


"5 


36128 


10387 


160 


50265 


20106 


116 


364-42 


10568 


161 


505*80 


20358 


117 


36757 


I075I 


162 


50894 


20612 


118 


37071 


10936 


163 


51208 


20867 


119 


37385 


III22 


164 


515*22 


2II24 


120 


37699 


II3IO 


165 


51836 


21382 


121 


380-13 


1 1499 


166 


521*50 


21643 


122 


383*27 


1 1 690 


167 


524*65 


21904 


123 


38642 


I1882 


168 


527*79 


22167 


124 


389*56 


12076 


169 


530*93 


22432 


125 


392*70 


12272 


170 


534*07 


22698 


126 


395*84 


12469 


171 


537*21 


22966 


127 


398*98 


12668 


172 


540*35 


23235 


128 


402*12 


12868 


173 


543*50 


23506 


129 


405*27 


13070 


174 


54664 


23779 


130 


408*41 


13273 


175 


549*78 


24053 


131 


411*55 


13478 


176 


55292 


24329 


132 


414*69 


13685 


177 


55606 


24606 


133 


417*83 


13893 


178 


559*2o 


24885 


134 


420*97 


I4IO3 


179 


56235 


25165 


135 


424-12 


I43U 


180 


565*49 


25447 


136 


427*26 


14527 


181 


56863 


25730 


137 


430*40 


14741 


182 


571*77 


26016 


138 


433*54 


M957 


183 


574*91 


26302 


139 


43668 


15175 


184 


578*05 


26590 


140 


439*82 


15394 


185 


581*19 


26880 


141 


442*96 


15615 


186 


584*34 


27172 


142 


446*11 


15837 


C87 


587*48 


27465 


M3 


449*25 


z6o6i 


188 


590*63 


27759 


144 


45239 


16286 


189 


593*76 


28055 


145 


455*53 


16513 


190 


59690 


28353 
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Diam. 


Ciraim. 


Area. 


Diam. 


Qrcum. 


Area. 


191 


600*04 


28652 


236 


741*42 


43744 


192 


60319 


28953 


237 


74456 


441 15 


193 


60633 


29255 


238 


74770 


44488 


194 


609-47 


29559 


239 


75084 


44863 


195 


6i2-6i 


29865 


240. 


75398 


45239 


196 


61575 


30172 


241 


75712 


45617 


197 


«i8-89 


30481 


242 


760*27 


45996 


198 


622*04 


30791 


243 


763*41 


46377 


199 


^625*18 


31103 


244 


766*55 


46759 


200 


62832 


yi4i6 


245 


769*69 


47 H4 


201 


631*46 


3173^ 


246 


772*83 


47529 


202 


634*60 


32047 


247 


775*97 


47916 


203 


63774 


*2365 


248 


779*12 


^8305 


204 


640*89 


32685 


249 


782*26 


48695 


205 


64403 


33006 


250 


785*40 


49087 


206 


647*17 


33329 


251 


788*54 


49481 


207 


650*31 


33654 


252 


791*68 


49876 


208 


65345 


33979 


253 


794*82 


50273 


209 


656*59 


34307 


254 


797*96 


50671 


210 


65973 


34636 


255 


8oi'ii 


51071 


2M 


662*88 


34967 


256 


804*25 


51472 


2112 


666*02 


35299 


257 


807*39 


51875 


213 


66g'i6 


35633 


258 


810*53 


52279 


214 


672*30 


35968 


259 


8x3*67 


52685 


215 


67544 


36305 


260 


8i6*8i 


53093 


216 


678*58 


36644 


261 


8x9*96 


53502 


217 


68i*73 


36984 


262 


823*xo 


53913 


218 


684*87 


37325 


263 


82624 


54325 


219 


688*01 


37668 


264 


829-38 


54739 


220 


691*15 


38013 


265 


832*52 


55155 


221 


694*29 


38360 


266 


835*66 


55572 


222 


69743 


38708 


267 


838-81 


55990 


223 


700*58 


39057 


268 


841-95 


564x0 


224 


703*72 


39408 


269 


84509 


56832 


225 


706*86 


39761 


270 


848*23 


57256 


226 


710*00 


40115 


271 


851*37 


57680 


227 


71314 


40471 


272 


854*51 


58107 


228 


716*28 


40828 


273 


85766 


58535 


229 


719-42 


411S7 


274 


860*80 


58965 


230 


722*57 


4x^548 


275 


863*94 


59396 


231 


72571 


/41910 


276 


867*08 


59828 


232 


728*85 \ 


42273 


277 


870*22 


60263 


233 


az^w 


42638 


278 


873*36 


60699 


234 


?35'i3 


43005 


279 


876*50 




236 


738*27 


43374 


280 


879*65 



\ 
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Diam. 


Qrcum. 


Ax«a. 


Diam. 


Qrcum. 


Area. 


281 


88279 


62016 


326 


1024'ld 


83469 


282 


885-93 


62458 


327 


1027 -3.0 


8398* 


283 


889-07 


6290a 


328 


1030-44 


84496 


284 


892*21 


63347 


329 


1033-5? 


85013 


285 


896-35 


63794 


330 


1036-7/3 


85530* 


286 


898-50 


64242 


331 


io39-a7 


86049 


287 


901*64 


64692 


332 


1043-01 


86570. 


288 


90478 


65144 


333 


1046-15 


87092 


289 


907*92 


^6697 


334 


104929 


87616^ 


290 


911*06 


66052 


335 


1052-43 


88141 


291 


914*20 


66508 


336 


1055-58 


8866& 


292 


9i7'3& 


6696& 


337 


10587a 


89197 


293 


92049 


67426 


338 


1 06 1 -86 


89727 


294 


92363 


67887 


339 


1065-00 


90259. 


295 


926*77 


68349 


340 


1068*14 


907 92> 


296 


929-91 


68813 


341 


1071-28 


91327 


297 


93305 


69279 


342 


1074-42 


91863 


298 


93619 


69747; 


343 


io77'57 


92401 


299 


93934 


70215. 


344 


10807 1 


92941 


300 


942*48 


70686 


345 


1083-85 


93482 


301 


945*62 


7ii'58 


346 


io86'99 


94025 


302 


94876 


. 71631 


347 


1090-13 


94569 


303 


951*90 


72107 


348 


1093-27 


95115 


304 


95504 


72583 


349 


, io96-4a 


95663 


305 


958*19 


73062 


350 


i 1099-56 


962 1 1 


306 


961*33 


73542 


351 


1102-70 


96762 


307 


. 964-47 


740^23 


352 


1105-84 


97314 


308 


967*61 


74506 


353 


iio8'9p 


97868 


309 


97075 


74991 


354 


III2*I2t. 


98423 


3IQ 


97389 


75477: 


355 


iii5'27 


98980 


3" 


977*04 


75964 


356 


11 18-41 


99538 


312 


980*18 


764SA 


367 


1121-55 


100098 


313 


983*32 


7694J& 


358 


1124-69 


100660 


3H 


986-46 


77437 


359 


1127-83 


101223 


315 


989*60 


77931 


360 


1130-97 


101788 


316 


9927,4 


78427 


361 


1 13412 


102354 


317 


99588 


78924 


362 


1137-26 


102922 


318 


999*03 


79423 


363 


1140*40 


103491 


319 


1002*^7 


79923 


364 


ii43'64 


104062 


320 


1005*31 


80425 


366 


1146-68 


104635 


321 


1 008 '45 


80928 


366 


1149*82 


105209 


322 


1011*59 


81433 


367 


1152*97 


105785 


323 


101473 


81940 


368 


1156*11 


106363 


324 


1017*88 


82448 


369 


1159-25 


106941 


325 


1021*02 


82958 


370 


1162*39 


107521 



Di™. 


Circum. 


a™. 


Diim. 


CiraJDL 


a™. 


SSI 


i73ro3 


238448 


596 


187239 


278986 


55" 


173416 


3393 '4 


597 


1875-53 


279923 


S53 


1 737 '30 


240182 


598 


1878-67 


280863 


554 


1740-44 


241051 


599 


i88i'8i 


381803 


555 


1743-58 


34192a 


5oo 


1884-96 


382743 


55« 


174673 


242795 


601 


1888-10 


28368; 


55» 


I749'B7 


243669 


603 


1891-34. 


384631 


558 


nS3'oi 


344545 


603 


.89438 


285578 


559 


1756-15 


245433 


604 


189753 


286526 


5fc 


I7S9-J9 


2463°! 


60^; 


1 900-66 


387475 


5Si 


1762-43 


347181 


606 


1903-81 


388426 


563 


1765-58 


248063 


607 


1906-95 


389379 


5«3 


.768-73 


348947 


608 


1910-09 


290334 


5<i4 


1771-86 


249833 


609 


1913-23 


391389 


565 


1775-00 


250719 


610 


i9'6-37 


393347 


566 


1778-14 


251607 


611 


1919-51 


293306 


5«7 


i78f28 


253497 


613 


193265 


394166 


568 


1784-43 


353388 


613 


1925-80 


295128 


519 


1787-57 


254281 


614 


1928-94 


39609a 


570 


1790-71 


255176 


615 


1933-08 


397057 


571 


1793-85 


356073 


616 


1935-33 


298024 


572 


179699 


256970 


617 


1938-36 


398993 


573 


1800-13 


357869 


618 


1941 50 


299963 


574 


i8o3-n 


258770 


619 


1944-65 


300934 


575 


1806-43 


259673 


620 


1947-79 


301907 


576 


1809-56 


260576 


621 


1950-93 


303883 


577 


i8ia-7o 


361483 


632 


I954-C7 


303858 


578 


I8I5-84 


262389 


633 


1957-31 


304836 


579 


18.8-98 


263398 


624 


1960-35 


3058' 5 


580 


1823-13 


264308 


635 


■1963-50 


306796 


ig" 


1825-27 


265120 


626 


196664 


307779 




1828-41 


266033 


627 


196978 


308763 


Ib3 


1831-55 


36694^ 


P28 


1973-93 


309748 


^Kl 


1834-69 


367^ 


J9 


197606 


310736 


^^K 


183783 






1979-20 


31 1725 


^^H 


L 1840-97 




^^k 


1983-35 


312715 




ki844-n 


370^1 




1985-49 


313707 


^^H 


■847-2^5 


27I^H 


^^M 


1988-63 


314700 


^^H 


B50'4° 


37 ^4H 


^^M 


1991-77 


315696 


^^H 


^■3 54 


^7330 


^^M 


1994-91 


316693 




^K'6K 


2743^ 




1 1998-05 


317690 


^^H 


^^^■83 


^753fl 


^^M 


2001 19 


3:8690 


^^H 




2l6l^M 


^^M 


1 3004-34 


319693 


■ 




2771S 
378oiH 


1 


[2007-48 
I20.0-62 


320695 
321699 


■ 
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Diara. 


Circum. 


Area. 


Diam. 


Gicum. 


Area. 


461 


1448-21 


166914 


506 


I589'65 


201090 


462 


1451*42 


167639 


507 


1592-79 


201886 


463 


M54*56 


168365 


508 


I595"93 


202683 


464 


M5,7'7o 
1460*84 


169093 


509 


1599-07 


203482 . 


465 


169823 


510 


l602'2I 


204283 


466 


146398 


170554 


5" 


1605-35 


205084 


467 


1467*12 


171287 


512 


1608-50 


205887 


468 


1470*27 


17202I 


513 


1611-64 


206693 


469 


1473-41 


172757 


5H 


161478 


207499 


470 


147655 


173494 


515 


161^*92 


208307 


471 


1479*69 


174234 


516 


1621*06 


209117 


472 


148283 


174974 


517 


1624-20 


209928 


473 


1485*97 


175716 


518 


1627-35 


21074I 


474 


1489*12 


176460 


519 


1630-49 


211556 


475 


1492*26 


177205 


520 


1633,-63 


212372 


476 


1495*40 


177952 


521 


1636*77 


213189 


477 


1498-54 


17870I 


522 


1639-91 


214008 


478 


1501*68 


I79451 


523 


1643:05 


214829 


479 


1504*82 


180203 


524 


1646*20 


2 I 5651 


480 


1507*96 


180956 


525 


164934 


216475 


481 


1511*11 


18171I 


526 


1652-48 


2173OI 


482 


1514-25 


182467 


527 


1655*62 


218128 


483 


1517-39 


183225 


528 


1658-76 


218956 


484 


1520*53 


183984 


529 


1661*90 


219787 


485 


1523*67 


184745 


530 


1665-04 


220618 


486 


1526-81 


185508 


531 


1668*19 


221453 


487 


1529*96 


186272 


532 


1671-33 


222287 


488 


1533-^0 


187038 


533 


I674-4J 


223123 


489 


1536-24 


187805 


534 


1677*61 


223961 


490 


1539-38 


188574 


535 


1680*75 


224801 


491 


1542-52 


189345 


536 


1683*89 


225643 


492 


1545-66 


I90II7 


537 


1687*04 


226484 


493 


1548*81 


190890 


538 


1690*18 


227329 


494 


1551-95 


I91665 


539 


1693*32 


228175 


495 


155509 


192442 


540 


1696*46 


229023 


496 


1558-23 


I9322I 


541 


1699*60 


229871 


497 


1561-37 


194000 


542 


1702*74 


230723 


498 


1564-51 


194782 


543 


1705-88 


231574 


499 


1567*65 


195565 


544 


1709*03 


232428 


500 


1570*80 


196350 


545 


17x2-17 


233283 


501 


1573-94 


197 136 


546 


1715-31 


234140 


502 


1577-08 


197923 


547 


1718*45 


234998 


503 


1580*22 


I98713 


548 


1721*59 


235858 


504 


1583-36 


199504 


549 


172473 


236720 


505 


1586*50 


200296 


550 


1727-88 


237583 1 
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Diam. 


Grcum. 


551 


i73f02 


553 


I734I6 


553 


1737-30 


554 


174044 


555 


174358 


556 


174673 


557 


174987 


558 


1753-01 


559 


175615 


560 


1759-29 


561 


176243 


563 


1765-58 


563 


17687a 


564 


1771-86 


565 


1775-00 


566 


1778-14 


567 


1781-28 


568 


1784-42 


569 


1787-57 


570 


1 7 907 1 


571 


1793-85 


573 


1796-99 


573 


1800-13 


574 


1803-27 


575 


1806-42 


676 


1809-56 


677 


1812-70 


578 


1815-84 


579 


1818-98 


580 


1822-12 


581 


1825-27 


582 


1828-41 


583 


1831-55 


584 


1834-69 


585 


1837-83 


586 


1840-97 


687 


1844-11 


588 


1847-26 


589 


1850-40 


590 


1853-54 


69» 


1856-68 


593 


1859-82 


593 


1862*96 


594 


1866-11 


595 


1869-25 



Area. 
238448 

239314 
240182 

24IO51 

24192a 

242795 

243669 

244545 
245422 

246301 

247181 

248063 

248947 
249832 

250719 

251607 

252497 
253388 
254281 

255176 

256072 
256970 

257869 
258770 

259672 

260576 

261482 

262389 

263298 

264208 

265120 

266033 

266948 

267865 

268783 

269702 

270624 

271547 
272471 

273397 

274325 

275254 
276184 

277II7 

278052 



Diam. 
596 

597 
598 

599 
600 

601 

602 

603 

604 

605 

606 

607 

608 

609 

610 

611 

612 

613 
614 

615 
616 

617 

618 

619 

620 

621 

622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

635 
636 

637 
638 

639 
640 



Circum. 
872-39 

875-53 
87867 

881 -81 

884-96 

88810 

891-24 

89438 

897-52 
900*66 

903-81 
906-95 
910-09 

913-23 
916-37 

9i9'5i 
922-65 

925-80 

928-94 

932*08 

935*22 

938-36 
941-50 

944-65 
94779 
95093 
954-C7 
957 '2 1 

960-35 
96350 
966*64 
969-78 
972*92 
97606 
979*20 

982-35 

985*49 
988-63 

99177 

994*91 

998*05 

2001*19 

2004-34 

2007-48 

2010*62 



Area. 
278986 

279923 

280862 
281802 
282743 
283687 
284631 

285578 
286526 

287475 
288426 

269379 

290334 
291289 

292247 

293206 

294166 

295128 

296093 

297057 

298024 

298992 

299962 

30,0934 
301907 

302882 

303858 
304836 

305815 
306796 

307779 
308763 

309748 

310736 

3"725 
3^2715 

313707 
314700 

315696 

316692 

317690 

318690 

319692 

320695 
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Diam. 


Circtim. 


Area. 


Diam. 


CinEum. 


Area. 


461 


I448-2X 


166914 


506 


I589'65 


201090 


462 


1451-42 


167639 


507 


159279 


201886 


463 


145456 


168365 


508 


i595"93 


202683 


464 


145,770 
1460*84 


169093 


509 


1599-07 


203482 . 


465 


169823 


510 


l602'2I 


204282 


466 


1463-98 


170554 


5" 


1605-35 


205084 


467 


1467-12 


171287 


5" 


1608*50 


205887 


468 


1470-27 


172021 


513 


1611-64 


206693 


469 


1473-41 


172757 


514 


161478 


207499 


470 


147655 


173494 


515 


i6i%'g2 


208307 


471 


1479-69 


174234 


516 


162 1 '06 


209I17 


472 


1482-83 


174974 


517 


1624-20 


209928 


473 


1485-97 


175716 


518 


1627-35 


210741 


474 


1489-12 


176460 


519 


1630^49 


211556 


475 


1492-26 


177205 


520 


1633:63 


212372 


476 


1495-40 


177952 


521 


163677 


2:13189 


477 


1498-54 


17870I 


522 


1639-91 


214008 


478 


1501-68 


17945I 


523 


1643:05 


214829 


479 


1504-82 


180203 


524 


1646*20 


215651 


480 


1507-96 


180956 


525 


1649-34 


216475 


481 


1511-11 


181711 


526 


1652-48 


21730I 


482 


1514-25 


182467 


527 


1655-62 


218128 


483 


1517-39 


183225 


528 


1658-7,6 


218956 


484 


1520-53 


183984 


529 


166 1 •9/5 


219787 


485 


1523-67 


184745 


530 


1665-Q4 


220618 


486 


1526-81 


185508 


531 


1668-19 


221452 


487 


1529-96 


186272 


532 


1671*33 


222287 


488 


1533-^0 


187038 


533 


i674*4j 


223123 


489 


1536-24 


187805 


534 


1677-61 


223961 


490 


1539*38 


188574 


535 


168075 


224801 


491 


1542-52 


189345 


536 


1683-89 


225643 


492 


154566 


190117 


537 


1687-04 


226484 


493 


1548-81 


190890 


538 


1690-18 


227329 


494 


1551*95 


191665 


539 


1693-32 


228175 


495 


1555*09 


192442 


540 


1696-46 


229023 


496 


155823 


193221 


541 


1699-60 


. 229871 


497 


1561-37 


194000 


542 


1702-74 


230723 


498 


1564-51 


194782 


543 


170588 


231574 


499 


1567-65 


^955^S 


544 


1709*03 


232428 


500 


1570-80 


196350 


545 


1712*17 


233283 


501 


157394 


197136 


546 


1715*31 


234140 


502 


1577-08 


197923 


547 


1718-45 


234998 


503 


1580-22 


198713 


548 


1721-59 


235858 


504 


1583*36 


199504 


549 


172473 


236720 


505 


1586-50 


200296 


550 


1727-88 


. 237583 
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Circum. 
;731'02 

73416 

73730 
74044 
74358 
74673 
749-87 

753'oi 
75615 
75929 
762-43 
76558 
768-72 

771-86 
775-00 

778-14 
781-28 

784-42 

787-57 
790-71 

793-85 
796-99 

[800-13 
•803-27 
:8o6-42 
[809-56 
[812-70 

815-84 
[818-98 

[822-12 

:825-27 

[828-41 

831-55 

834-69 

83783 
[840-97 

:844'ii 

847-26 

850-40 

85354 
[856-68 

859-82 

[862*96 

[866-11 

869-25 



Area. 
238448 

239314 
240182 

24IO5I 

24192a 

242795 

243669 

244545 
245422 

246301 

247181 

248063 

248947 
249832 

250719 

251607 

252497 
253388 
254281 

25517^5 
256072 
256970 
257869 
258770 
259672 
260576 
261482 
262389 
263298 
264208 
265120 
266033 
266948 
267865 
268783 
269702 
270624 

271547 
272471 

273397 

274325 

275254 
276184 

277II7 

2yS0S2 



Diam. 


Circum. 


596 


1872-39 


597 


1875-53 


598 


187867 


599 


i88i-8i 


600 


1884*96 


601 


i888'io 


602 


1891*24 


603 


1894-38 


604 


1897-52 


605 


1900*66 


606 


1903-81 


607 


1906*95 


608 


191009 


609 


1913*23 


610 


1916*37 


611 


1919*51 


612 


1922-65 


613 


1925*80 


614 


1928*94 


615 


1932*08 


616 


1935*22 


617 


1938-36 


618 


1941-50 


619 


1944*65 


620 


1947*79 


621 


1950-93 


622 


1954*07 


623 


1957*21 


624 


1960*35 


625 


•1963-50 


626 


1966*64 


627 


1969*78 


628 


1972*92 


629 


1 97 6 06 


630 


1979*20 


631 


1982-36 


632 


1985*49 


633 


1988-63 


634 


1991*77 


635 


1994*91 


636 


1998-05 


637 


2001*19 


638 


2004*34 


639 


2007*48 


640 


2010*62 



\ 



Area. 
278986 

279923 

280862 

281802 

282743 

283687 

284631 

285578 

286526 

287475 
288426 

269379 

290334 
291289 

292247 

293206 

294166 

295128 

296093 

297057 

298024 

298992 

299962 

300934 
301907 

302882 

303858 
304836 

305815 
306796 

307779 
308763 

309748 
310736 

3II725 
312715 

313707 
314700 

315696 

316692 

317690 

318690 

31969a 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


641 


201376 


322705 


686 


8155-13 


369605 


642 


2016*90 


323713 


687 


2158*27 


370^84 


643 


2020'04 


324722 


688 


2161*42 


371764 


644 


2023*19 


325733 


689 


2164*56 


372845 


645 


2026*33 


326745 


690 


2167*70 


373928 


646 


2029*47 


327759 


691 


2170*84 


375013 


647 


2032*61 


328775 


692 


2173-98 


376099 


648 


2035*75 


329792 


693 


fii77*i2 


377187 


649 


2038*89 


330810 


694 


2180*27 


37S276 


650 


2042*04 


33183I 


695 


2183*41 


379367 


651 


2045*18 


332853 


696 


2186*55 


380459 


652 


2048*32 


333876 


697 


2189*69 


381554 


^53 


2051*46 


334901 


698 


2192*83 


382649 


654 


2054*60 


335927 


699 


2195*97 


383746 


655 


<?o57*74 


336955 


700 


2199*11 


384845 


656 


2o6o*88 


337985 


701 


2202-26 


385945 


657 


2064*03 


339016 


702 


2205*40 


387047 


658 


2067*17 


340049 


703 


2208*54 


,388151 


659 


2070*31 


341084 


704 


2211*68 


389256 


660 


2073*45 


3421 19 


705 


2214*82 


390363 


661 


2076*59 


343157 


706 


2217-96 


39I47I 


662 


2079*73 


344196 


707 


2221*11 


392580 


663 


2082*88 


345237 


708 


2224*25 


393692 


664 


2086*02 


346279 


709 


2227*39 


394805 


665 


2089*16 


347323 


710 


2230-53 


395919 


666 


2092*30 


348368 


711 


2233*67 


397035 


66^ 


2095*44 


349415 


712 


2236*81 


398153 


668 


2098*58 


350464 


713 


223996 


399272 


669 


2101*73 


351514 


714 


2243-10 


400393 


670 


2104*87 


352565 


715 


2246*24 


4OI515 


671 


2108*01 


353618 


716 


2249*38 


402639 


672 


2III*I5 


354673 


717 


2252*52 


403765 


673 


2114*29 


355730 


718 


2255-66 


404892 


674 


aii7*43 


356788 


719 


2258-81 


406020 


675 


2120*58 


357847 


720 


2261*95 


407150 


676 


2123*72 


358908 


721 


2265*09 


408282 


677 


2126*86 


359971 


722 


2268*23 


409416 


678 


2130*00 


361035 


723 


2271*37 


410550 


679 


2133-14 


362IOI 


724 


2274-51 


4II687 


680 


2136*28 


363168 


725 


2277 65 


412825 


681 


2139-42 


364237 


726 


2280-80 


413965 


682 


2142*57 


365308 


727 


2283*94 


415106 


683 


214571 


366380 


728 


2287*08 


416248 


684 


2148-85 


367453 


729 


2290*22 


417393 


1 ^Ss] 


215199 


368528 


I no 


^ 229^*^6 


. 418539 
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Diam. 


CircuiiL 


Area. 


Diam. 


Grcum. 


Area. 


731 


2296*50 


419686 


776 


2437*88 


472948 


733 


229965 


420835 


777 


2441*02 


474168 


733 


230279 


421986 


778 


2444-16 


475389 


734 


2305-93 


423139 


779 


2447*30 


476612 


735 


230907 


424293 


780 


2450*44 


477836 


736 


2312*21 


425448 


781 


245358 


479062 


737 


2315*35 


426604 


782 


245673 


480290 


738 


231850 


427762 


783 


245987 


481519 


739 


2321*64 


428922 


784 


2463*01 


482750 


740 


2324*78 


430084 


785 


2466*15 


483982 


741 


2327*92 


431247 


786 


2469*29 


485216 


743 


2331*06 


432412 


787 


247243 


486451 


743 


2334*20 


433578 


788 


2475*58 


487688 


744 


233734 


43474^ 


789 


2478*72 


488927 


745 


2340-49 


43591^ 


790 


2481*86 


490167 


746 


234363 


437087 


791 


2485-00 


491409 


747 


234677 


438259 


792 


2488-14 


492652 


748 


2349-91 


439433 


793 


2491-28 


493897 


749 


2353*05 


440609 


794 


2494*42 


495143 


750 


2356-19 


441786 


795 


249757 


496391 


7SI 


2359*34 


442965 


796 


2500*71 


497641 


7Sa 


2362-48 


444146 


797 


2503-85 


498892 


753 


2365-62 


445328 


798 


2506-99 


500145 


754 


2368-76 


446511 ' 


799 


2510-13 


501399 


755 


2371-90 


447697 


800 


2513*27 


502655 


756 


2375*04 


448883 


801 


2516*42 


503913 


757 


2378-19 


450072 


802 


2519-56 


50517 I 


758 


2381-33 


451262 


803 


2522*70 


506432 


759 


2384*47 


452453 


804 


2525-84 


507694 


760 


2387-61 


453646 


805 


2528*98 


508958 


761 


2390*75 


454841 


806 


2532*12 


510223 


763 


2393*89 


456037 


807 


2535*27 


511490 


763 


2397-04 


457234 


808 


2538-41 


512758 


764 


2400-18 


458434 


809 


2541*55 


514028 


7«5 


2403-32 


459635 


810 


2544-69 


515300 


766 


2406-46 


460837 


811 


254783 


516573 


767 


2409*60 


462041 


812 


2550-97 


517848 


768 


2412-74 


463247 


813 


2554*" 


519124 


769 


2415*88 


464454 


814 


2557-26 


520402 


770 


241903 


465663 


815 


2560*40 


521681 


771 


2422*17 


466873 


816 


2563*54 


522962 


77a 


2425-31 


468085 


817 


2^66-68 


524245 


773 


2428-45 


469298 


818 


2569*82 


525529 


774 


2431*59 


470513 


819 


2512*96 




775 


^43473 1 


471730 


820 


2516-11 



IB 
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TRIGONOMETRICAL RULEa 

(The following is a snmmaiy of the principles and chief roles of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessaiy to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometrical Functions Defined, — Suppose that A, B, C 
stand for the three angles of a right-angled triangle, G being the 
right angle, and that a, b, c stand for the sides respectively opposite 
to those angles, c being tlie hypothenuse ; then the various names 
of trigonometrical functions of the angle A have the following 
meanings :— • 

sin A = - : cos A = - : 
c' c' 

. c — b , . c-^a 

versin A = : coversin A = : 

c c ' . 

tan A = 7 ; cotan A s= - : 
o a 

sec A s =-: cosec A = -. 
a 

The complement of A means the angle B, such that A + B = a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. Edations amongst the Trigonometrical Fv/ndions of Ova 
Angle, A, and of its Supplement, 180° — A: — 

A AT 9~r tan A 1 

sm A = ^/ 1 — cos^ A = r = r * 

sec A cosec A 

«^« A n Tir cotan A 1 

cos A =s V 1 — sm^ A = r- = r; 

cosec A sec A 

versin A = 1 — cos A; 

coversin A = 1 — sin A ; 

tan A= r = ~: 7- = sin A -sec A== Vsec^ A — 1: 

cos A cotan A -• 7 

cotan A = -; — r = i r = cos A • cosec A = V cosec^ A — 1 : 

sm A tan A ' 

sec A •= r = J l + tan^ A: 

cos A ' 

cosec A = -: — r = fj 1-4- cotan^ A* 
sm A 
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Bm(180<»-.A) = smA; 

COB (180« — A) = — cos A; 

versin(180* — A)=: 1 +cos A=s2 — versinA; 

coversiD (180* — A) = coversin A; 

tan (180" — A) = — tan A; 

cotan (180" — A) =5 — cotan Aj 

sec (180" — A) = — sec A; 

cosec (180* — A) = cosec A. 

To compute sines, &Cf approximatelj by series; reduce the 
angle to circular measure — tliat is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A. Then 

*^ ^ = ^ " 2:3 "^2:3X5^ 2.3.4.5.6.7 "^ ^ 
^ , A2 A* A« 

cosA=l.^ + ^^-2:3;j^6-'^ 

UL Trigonometrical Funetione of Ttvo Angles: — 

sin (A =±z B) = sin A cos B zt: cos A sin B ; 
cos (A =lz B) = cos A cos B z^ sin A sin B; 

* /A «x--D\ tanAzSztanB 

tan (A =i= B) = q r-z — s* 

^ ^1 =z=tan AtanB 



IV. FormulcB/or the Solution of Plane Triangle, — Let A, B, C 
be the angles, and a, b, the sides respectively opposite them. 

1* BelatioM amongst the Angles — 

A + B + = 180**; 
or if A and B are given, 

O = 180« - A - B. 

2. When the Angles and One Side are gl^en, let a be the given 

side; then the other two sides are 

. sin B sin 

sin A Bin A 

3. When Two Sides and the Ineladod Angle am gtroa* let a, 5 be 

the given sides, C the given included angle; then 
To find the third side. First Method: 

c=^(a« + i2-2a6cosC3); 

Second Method: Make sin D = t- • cos -5-; then 

a + 6 2 

e =: (a + b) cos B, 
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Third Method: Make tan E = =- • sin 77 : then 

c = (a — 6) sec R 

To find the remaining angles, A and B. 
If the third side has been compnted^ 

sin A = -• sin C: sin B = - -sin 0. 
c ' 

If the third side has not been compnted^ 

, A + B ^ C^ A-B a-5 ^ 

tan • — r — = cotan ^: tan — 5 — = =r cotan ^ z 

2 2' 2 a + ^ 2' 

A + B A-B -p A + B A-B 

2 ■*■ 2 ' 2^2' 

4. When the Tkrce Sides Me siren, ^ySTui? any one ofthe angles, 
such as C — 

^ a* + 62 - c« 

^^=—2^6-' 

or otherwise, let 

a -^h -^ c ^, 
8 = 5 ; then 



cos 



0.^^,^0.^£E|^; 



cotan? = a/^EZ^ZZ; tan? = a/ (LH^HLH^; 

. ^ ^ J sis — a) (s '- h) (s — c) 

sin = ^ '—^ '-^ •• 

a 

Note. — ^In all trigonometrical problems, it is tobebome in mind, 
that small acute angles, and large obtuse angles, are most accurately 
determined by means of their sines, Umgents, and cosecomts, and 
angles approaching a right angle bj their cosine, cotcmgents, and 
secants. 

5, To Solre a Right-angled Triangle.— Let denote the right 

angle; c the hypothenuse; A and B the two oblique angles; a and 
h the sides respectively opposite them. 

Giyen^ the right angle, another angle B, the hypothenuse c. 
Then 

A = 90** - B; o = c • cos B; 6 = c • sin R 
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(Htod, tKe Tight angle, anoUier angle B« a side «» 

Criyen, the light ang^e, and the sides o, h, 

tanA*=?;tMiB = -;c= J a* + l^. 

O €1 

Criyen, the right ang^e, the hypothennse c: a side a» 

sin A s= cos B = - : 6 = »J <? ^ a*. 

c 

Given, the three sides a, 6, c, which fulfilling the equation 
c? = a^ + ft*, the trian^e is knoim to be right-angled at (X 



.a . ^ 6 
sin A =s -: sin B s -• 
c c 



6. T« Bnftvnihe 



Given, one side^ ^ and the angles 

c^ sin A sin B 

Given, two sides, (, e, and the included an^e A 

6 c * sin A 
" 2 ' 

Given, the three sides «> J, a Let 5 = «; then 

Area = ^ < « (« — a) (« — 6) (« — c) V . 

Y. JRules for the Solution of Spherical Triangles. — ^Let A, B, C 
denote the three angles of a spherical triangle, and «> A y* the 
angles subtended by its sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The spherical excess means, the excess of the sum of the angles 
A + B + C above two right angles. 

^ Spherical excess area of triangle 

4 right angles "" surfece of hemisphere' 

2. To compute the approximcUe spherical excess, in seconds, of a 
triangle on the earth's sur&ce whose area is given; divide that 
area by one or other of the following divisors, according as it is 
given in square feet, in square nautical miles, or in square metres :— 

Ana glTon in DiTiaor. Com. Log. 

Square feet^ 3,115,500,000 9*3254101 

Square nautical miles, 57*39578 1*7581226 

Square m^tres^ 196,530,000 %'^^'^\'3lv^ 
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3. Given, two angles of a spherical trianKle, and the side between 
them ; to find the remaining sides and angla--- 

Let Ay B be the given angles, and y uie given side. Then to 
find the remaining sides, « and ^-— 

A-B 

. « cos s 

tan — 7> — = tan « ' 



2 2 A + B' 

008-^— 

. A-B 

- sin — 3 — 

tan — :; — a tan -^ * • 

2 '*"2 . A + B' 

Bin— ^ 

• » -g- -^ —2" ' '^ == —2 2^- 

To find the remaining angle, 0, we have the proportion — 

sin«:sin/3:8iny::sinA:sinB:sinC. 

4. Given, two sides of a spherical triangle and the angle between 
them; to find the remaining side and angle — 
Let «, /3 be the given sides; C, the given angle. 
First Method. — To find the remaining side, y; 

cos y = cos « * cos /3 + sin « * sin /3 * cos C; 

but this formula being nnsuited to calculation bj logarithms, the 
following has been deduced from it : — 

Make sin D = cos ^ • a /sin « • sin /8; then 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin /3 : : sin C : sin A : sin B. 

Second Method. — ^To find the remaining angles, A, B. 

, A + B 
tan — jT — 



, A-B 

tan~^- 



cos 


2 


• cotan 



3 




COB — 


2 




sill 


2 


•cotan 




2 




Sin - 







COS 
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. A + B A-B ^ A + B A-B 
^ = — 2~ ■*" ~2~' ^ 2 2~* 

The remaining side, y, is found by the proportion stated 
above. 

5. The three sides of a spherical triangle being given, to find 
the angles — 

Let be the angle sought in the first instance. Then 

^ cos y — cos « * cos i3 
cosC s ; ; — ; 

sin « * sin /S ' 

or otherwise- 

fl^ 4* /3 -4- y 

Let 9 = ^ — - denote the half sum of the sides : 

^=A / Sr^'sin(a--y) . gjj^O ^^ / 8in(a— )(8ina-|S) 
2 V sin » ' sin 3 ^ V sin » • sin fi 

C C c 

COS ^ is best when ^ approaches a right angle; sin ^ when ^ issmalL 

These formulae will serve alike to compute any angle. If it is 
desired to express the angle sought by A or by B, tiie following 
substitutions are to be made in the formulas : — 

For the following symbols in the formulae for 0,... a fi y 

Substitute respectively in the formulae for A,... /3 y « 

— — — — for B,... y « /3 

6. In a right-angled spherical triangle, the right angle and any 
two other parts being given, to find the remaining parte-^ 

Let be the right angle, and y the side opposite to it. 

Case L Two sides being given, the third is found by the 
equation— 

cos « * cos /3 = cos y; 

and the oblique angles by the equations — 

cos A = cotan y * tan fi; cos B = cotan y * tan «; 

or by the equations— 

cotan A = cotan « * sin /3; cotan B == cotan /3 * sin «. 

Case II. Given, a £dde («) and the opposite angle (A). Find 
the side fi by the formula — 

sin 3 = tan « * cotan A; 

then find y and Basin Case L 
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Case III. Given, a side («) and the adjacent angle (B). Find 
the side y by the formula — 

cotan y = cos A * cotan /3; 
then find « and B as in Case I. 

Case IY. Given, two angles, A, B — 

cos A. cos ^j 

cos u = -r — ^: cos /3 c= - — -. : COS y = cotan A • cotan R 
sm B sin A 

YI. ApproximcUe Solutions of Spherical Triangles, used in 
Trigonometrical Surveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles, A, B; to find approximately the 
third angle, CL 

Calculate the approximate area of the triangle, as if it were 
plane. From 4^at area calculate the '^spherical excess," X. Then 

C = 180° + X - A - B. 

2. To find approximately the remaining sides, a, h, of the same 
triangle. Let », /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then 'treat the triangle as if it were plane. That is to 
say — 

_^ Bin(A-f) ^^_ .in(B-|) 

sin (C - f ) sin (C - f ) 

Problem Third. — Given, in a triangle on the earth's surface, 
two sides, a, ^, and the included angle, C, to find the remaining 
side, c, and angles, A, B. 

Compute the approodmate a/rea as if the triangle were plane; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, h, and the included 

X 

angle C'= C — -5-, and fijid the third side, c, and the remaining 

angles, A', K. Then for the remaining angles of the real spherical 
triangle, take 

A = A+|;B = B'+? 
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Table '6. — Abcs, Sines, and Tangents, fob every Dbqb£b 

FROM 1* TO 89**. 

Explanation. 

1. The table gives arcs and their complements in cilrcular 
measure, sines and cosines, tangents and cotangents, for every 
whole degree, correct to five places of decimals. 

2. Arcs containing fractions of a degree may be found eitlier 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by 001745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, &c., of angles containing fractions of a 
degree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of angles between 0° and 6®, ] m /• 
For cosines and cotangents of angles between 84*" > ? ^® 
and90^ ^. Jplaces; 

For sines nif angles between 6° and 90* 

For cosines of angles between 0° and 84°, 

For tangents of angles between 6° and 30®, 

For cotangents of angles between 60° and 84°, , 

For tangents of angles between 30° and 45°, ) To three 

For cotangents of angles between 45° and 60°, J placea 

Multiply the fraction of a degree by the diflference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 

Example.— Required the sine of 30° 20' = 30° J. 

Sine of 30°, -50000 

Sine of 31°, . -51504 

Difference, -01504 

•00501 
Add sine of 30°, -50000 

Sin 30°^, correct to four places of decimals, -50501 

4. The sine or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimals, when required, as 
follows : — ^Find a first approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
degree, the difference between tibiat fraction and unity, the fraction. 
*0^15, and the approximate sine or co^e o^reaA^ i<(^\)sA\ "vhi^ 



To four 
*" places; 
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product will be a correctioii, to be added to the approzimate sine 
or cosine for a more exact "value. 

Example. — ^Bequired the sine of 30°|| correct to five places of 
decimals. 

First approximation, as already found, *50501 

Correction to be added, i x | x -00015 x -50501 = -000017 

Swrn -505027 
80 that the sine required, to five places of decimals, is -50503. 

Corbectiok-Factobs;^ to Multiply Approximate Sines Aino 

CosDnis. 



inMb 


Facton. 


MintiMi 


5 


1*000011 


55 


lo 


I •00002 1 


SO 


15 


1*000028 


45 


90 


1*000033 


40 


*5 


1*000036 


35 


30 


1*000037 


30 



Angle 


Arc. 


Sine. 


Tangent 


Co-tangent 


Co-stne. 


Co-arc. Co-angte. 


I^ 


..01745. 


-01745. 


..01746.. 


.57-28996. 


..99985***^ 


i-55335...89^ 


2 


03491 


03490 


03492 


28-63625 


99939 ^ 


t 53589 


88 


3 


05236 


05234 


05241 


19*08114 


99863 3 


[•51844 


87 


4 


06981 


06976 


06993 


14-30067 


99756 ] 


[-50099 


86 


5. 


,.087 27. ..08716.. .08749.. 


.11-43005.. .99619...] 


I-48353- 


..85 


6 


10472 


10453 


IO510 


95M36 


99452 ] 


[*466o8 


84 


7 


I2217 


I2187 


12278 


814435 


99255 3 


[•44863 


83 


8 


13963 


^39^7 


14054 


7-11540 


99027 ] 


c-43"7 


82 


9 ...15708...15643... 15838... 6-3I375... 98769.,.] 


[-41372...81 


10 


17453 


17365 


17633 


567128 


98481 ] 


[-39627 


80 


II 


I9199 


1 908 1 


19438 


514455 


98163 ] 


1-37881 


79 


12 


20944 


20791 


21256 


4-70463 


97815 3 


[•36136 


7« 


13 . 


..22689.. 


.. 22495.. .23o87.,. 433148. ..97437«-i 


t -34391 - 


•77 


14 


24435 


24192 


24933 


4-01078 


97030 ] 


[-32645 


76 


^5 


26180 


25882 


26795 


373205 


96593 3 


[•30900 


75 


16 


27925 


27564 


28675 


3*48741 


96126 ] 


^•29155 


74 


17.. 


. 2967I...29237...30573.,. 327085... 95630...] 


[-27409...73 


18 


31416 


30902 


32492 


3-07768 


95106 ] 


[-25664 


72 


19 


33161 


32557 


34433 


2*90421 


94552 ] 


[-23919 


71 


20 


34907 


34202 


36397 


2-74748 


93969 3 


[-22173 


70 


21.. 


. 36652- 


•.35837.< 


,.38386. • 


. 2-60509., 


•93358... 1 


[-20428.. 


.69 


22 


38397 


37461 


40403 


2-47509 


92718 ] 


[-18683 


68 


23 


40143 


39073 


42447 


235585 


92050 ] 


c -16937 


67 


24 


41888 


40674 


44523 


2-24604 


91355 3 


[-15192 


66 


25— 43633--42262., 


,.4663i... 2'i445i... 90631...] 


[-13447—65 


26 


45379 


43837 


48773 


2*05030 


89879 ] 


[-11701 


64 


27 


47124 


45399 


50953 


I -96261 


89101 1 


[-09956 


63 


28 


48869 


46947 


53171 


1*88073 


88295 ] 


[-082 II 


62 


29.. 


. 50615., 


,.48481. ..5543I., 


. 1-80405.. .87462...] 


[-06465. ..61 


30 


52360 


50000 


57735 


1*73205 


86603 3 


[-04720 


60 


31 


54105 


51504 


60086 


1-66428 


85717 1 


[-02975 


59 


32 


55850 


52992 


62487 


1-60033 


84805 ] 


[-01230 


58 


33- 


. 57596...54464-. •64941- 


. 1-53986.. 


,.83867«.. 


99484...57 


34 


59341 


55919 


67451 


1-48256 


82904 


97739 


56 


35 


61087 


57358 


70021 


1*42815 


81915 


95993 


55 


36 


62832 


58779 


72654 


1-37638 


80902 


94248 


54 


37-. 


. 64577. ..60182. ..75355.. 


. 1-32704. ..79864... 


92503. 


-53 


38 


66322 


61566 


78129 


1-27994 


78801 


90758 


52 


39 


68068 


62932 


80978 


1-23490 


77715 


89012 


51 


40 


69813 


64279 


83910 


1-19175 


76604 


87267 


50 


41.. 


. 71558. ..65606.. .86929.. 


. 1-15037. ..75471... 


85522...49 


42 


73304 


66913 


90040 


i*iio6i 


74314 


83776 


48 


43 


75049 


68200 


93252 


1-07237 


73^35 


82031 


47 


44 


76794 


69466 


96569 


103553 


71934 


80286 


46 


45.. 


. 78540...70711 ] 


[•00000.. 


. i-ooooo...7o7ii,,» 


%^i\o...ii% 


Co-ax^l 


e. Co-arc. 


Conine 


Co-tangent 


Tangent 


Sine. 


kcc 


^sv^ 
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RULES FOR THE MENSURATION OF FIGUREa 



Section L — Plans Abeas. 

1. PamHel^gnuB. RuLE A. — ^Multiply the length of one of the 
sides by the perpendicular distance between that side and the 
opposite side. 

Rule B. — Multiply together the lengths of two adjacent sides 
and the sine of the angle which they make with each other. 
(When the parallelogram is right-angled, that sine is = 1.) 
. 2. Trapezoid (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not parallel). Multiply 
the half sum of the two parallel sides by the perpendicular distance 
between them. 

3. Triangle. RuLB A. — Multiply the Ifength of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angle. 

Rule B. — Multiply one-half of the product of any two of the 
sides by the sine of the angle between them. 

Rule C. — Multiply together the following four quantities : the 
half sum of the three sides, and the three remainders lefb after 
subtracting each of the three sides from that half sum; extract the 
square root of the quotient; that root will be the area required 

Note. — Any polygon may be measured by dividing it into tri- 
angles, measuring those triangles, and adding their areas together. 

4. Parabolic Fii^area of tiie Third Degree. — The parabolic figures 

to which the following rules apply are of the foUowing kind (see 
figs. 1 and 2.) One boundary is a straigtit line, A X, called the 
base or axis; two other boundaries are ^ 

either points in that line, or stmght : 
lines at right angles to it, such as 
A B and X C, called ordinate; and 
the fourth boundary is a curve, B C, 
of the parabolic class, and of the thh^d 
degree; that is, a curve whose ordinate ^ ^^* 

(or perpendicular distance from the base A X) at any point is 
expressed by what is called an algebraical function of the third 
degree of the abscissa (or distance of that ordinate from a fixed 
point in the base). An algebraical function of the third degree of a 
quantity consists of terms not exceeding fo\uc in umxe^t^ ^i ^\£l^ 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

BuLE A. — ^Divide the base, as in fig. 1, into two equal parts 
or intervals; measure the endmost ordmates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates and fowr times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mecm breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

BuLE B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inte^ 
mediate ordinates; divide the sum by eig?U; the quotient will be 
the jriean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

5, Anj Plane Area.— Draw an axis or base-line, A X, in a coxb 
venient position. The most convenient position is 
usually parallel to the greatest length of ihe area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one more 
in number than the intervals. (For example, in ^. 
3, the length of the figure is divided into ten equsd 
intervals, and eleven breadths are measured at b^, 5^ 
&c.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figures, 
rig. 8. BuLE A. {" Simpson* s First Hide" to be used 

when the number of intervals is even.)---Add together 
the two endmost breadths, tvnce every second intermediate breadtb, 
and four times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
as in Bule A of the preceding Article); for four intervals, 
, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

Example. — Lengthy 120 feet, divided into six intervals of 20 
feet eacL 
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Breadths in Feet Simpson's -D-^^r./.*- 

and Decimals. MultipUers. i:Toauct8. 

17-28 1 17-28 

16-40 ..4 65-60 

14-08 2 28-16 

10-80 4 43-20 

7-04 2 1408 

3-28 4 13-12 

1 0-00 

Sumy 181-44 
X CommoD interval, 20 feet. 

-^ 3) 3628^ 

Area required, 1209-6 square feet. 

KiTLE B. {" Simpson^ 8 Second Rvhy^ to be used when the 
number of intervals is a multiple of 3.) — ^Add together the two 
endmost breadths, tvnce every third intermediate breadth, and 
thrice each of the remaining intermediate breadths ; multiply the 
sum by the common interval between the breadths, and by 3; 
divide the product by 8 ; the result will be the area required. 

"Simpson's multipliers" in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 j for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

Example. — Length, 120 feet, divided into six intervals of 20 
feet each. 

Breadths in Feet Simpson's t>«/v^««*« 

and Decimals. MulfipUera. woaucta. 

17-28 1 17-28 

16-40 3 49-20 

1408 3 42-24 

10-80 2 21-60 

7-04 3 21-12 

3-28 3 9-84 

1 0-00 

Sum, 161-28 
X Common interval, 20 feet, 

"3225^6 
X 3 

4-8 )9676-8 

Area required, 1209-6 square feet. 

Remahks. — ^The preceding examples are taken from a parabolic 
figure of the third degree, for which both Simpson's Kules are 
exact ; and the results of using them agree together "^xma^^. ^«t 
other figures, for which the rules are approximaitQ otA:^)^^ ^o:^ 

F 
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nile is in general somewhat more accurate than the second, and is 
therefore to be used unless there is some special reason for pre- 
ferring the second. 

The probable extent of error in applying Simpson's First Rule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub- 
dividiug the axis into smaller intervals. 

BuLE C. (" Merrijldd^a Trapezoidal Rule,^ for calculating sepa- 
rately the areas of the parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the differences 
of those differences, or second differences, and write them opposite 
the intervals between the first differences, distinguishing them into 
positive and negative according to the following principles : — 

FlTBt Differencea Second Difference. 

Positive increasing, or ) p^^^j^^ 

IS egative diminisnmg, j 

Negative increasing, or ) Ne<rative 

Positive diminishing, J ® 

In the column of second differences there will now be two blanks 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences^ if these are unequal^ or equal to 
them, if they are equal. 

Divide each second difference by 12; this gives a correction, 
which is to be subtracted from the breadth op^wsite it if the second 
difference is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; multiply tlie half 
sum of the corrected breadths by the interval between tliem. 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
interval 

ExAHPLE. — ^Length, 120 feet^ divided into six intervals of 20 feci 
eacL 
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BreadUiBin 
Feet and 


FlTBt 

Difference 


Second 
Differences. 


Ck)rTectlonfl. 


Ck>rreoted Areas of 
Breadths. Diyisiona 

Feet Sq. Feet 


17-38 




(— ^'9^) 


+ 0*16 


17-44 ) 

\ 339'^ 
16-52 

► 306-8 
14-16 ^ 

► 250*0 
10*84 

► 178-8 

704 j 

V I02-8 

324 { 

\ 316 

— o-o8 ^ 




— 0*88 






16*40 




— 1*44 


+ 0*12 




— 2*32 






14*08 




— 0*96 


+ o-o8 




— 3-28 






io*8o 




— 0*48 


+ 0*04 




— 3-76 






7*04 












— 3-7<5 






328 




+ 0*48 


— 0*04 




— a*28 











(+ 0*96) 


— 0*08 



Total area, square feet, 1209*6 

The second differences enclosed in parentheses at the top and 
bottom of the column are those filled in by making them form an 
arithmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

Rule D. — ('^Common Tra/pezoidal RuLe^^ to be used when a 
rough approximation is sufficient,) Add together the halves of the 
endmost breadths, and the whole of the intermediate breadths, and 
multiply the sum by the common interval 

Example. — The same as before. 



Half breadth at one end, 17-28 -f- 2 = 



Intermediate breadths, 



Half breadth at the other end, 



Feet 

8*64 
16*40 
14*08 
10-80 

7*04 

3-28 
" 

60*24 

20 

1204*8 square feet. 
1209*6 



X Common interval, 
Approximate area, 

True area as before computed, . 

ErroTy — 4-8 square feet. 

6. Ctoele.— The area of a circle is equal to its circumference 
multiplied by one-fouith of its diameter, and therefore to the sc^uar^ 
of the diameter multiplied hy one-fourth of tiie x«Aao oi ^^ ctx^\x\sv.- 
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ference to the diameter. The ratio of the area of a cirde to the 

square of its diameter (which ratio is denoted bj the symbol j) 

is incommensurable; that is, not expressible exactly in. figures ; bat 
it can be found approximately, to any required degree of precision. 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposes^ 
scientific or practical : — 

Approximate Values of ^ • Errors in Fractions of the 

*^*^ 4 Circle, about 

•7853981634 - + one.300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - + one-400,000th. 

-_f:!l^ ^ + one-13,000,000th. 

j2 - + one-2,500th. 

Tables 4 and 5 contain examples of the results of such calculationsL 
The diameter of a circle equal in area to a given sqtuxre is very 
nearly 1*12838 x the side of the square. The following table gives 
examples of this : — 

Table 4 n. — Multipliers fob Converting 

Sides of Squares into Diameters of Circles 

Diameters of into Sides of 

Equal Circles. Equal Squares. 

1 I-I2838 088623 I 

2 2-25676 177245 2 

3 3'385i4 265868 3 

4 4-51352 354491 4 

5 5*64190 4'43"3 5 

6 677028 5*31736 6 

7 7-89866 6-20359 7 

8 9-02704 7-08981 8 

9 10-15542 7*97604 9 
10 11-28380 8-86227 10 

7. The area of a €ircaiar Sector (O A C B, ^g, 4) is the same 
_ „ _ fraction of the whole circle that the 

^^^ angle A O B of the sector is of a whole 

Ns^ revolution. In other words, multiply 
f ^^ half the square of the radius, or one-eigMk 
/^^ of the square of the diameter, by the 

p. oT circular measure (to radius unity) of the 

'*^* * angle A O B; the product will be the 

area of the sector. (For circular measures of angles, see Tables 
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8. A Circular Segment (A D £ C, fig. 4) is equal to the Rector 
O A C B less the triangle O A B. Hence, from the circular 
measure of the angle A O B subtract its sine; multiply the re- 
mainder by half the square of the radius; the product will be the 
area of the segment. 

9. circaiar Spandriis. Case L — Spandril ACE, bounded by 
the are A O, the tangent C E, and the external secant A E. From 
the tangent of the angle A O C subti*act the circular measure of 
that angle; multiply the remainder by half the square of the 
radius ; the product will be the area. 

Case II.-^Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; multiply the remainder 
by half the square of the radius ; the product will be the area. 

10. Ellipse. Case I. — Given (in ^g. 5), the two axes, A O a, 
B O 6. . Multiply the lengths of those axes together, and their pro- 

duct by 2* (See Article 6 of this section.) 

Case II. — Given, a pair of conjugate 
diametei-s, C O c, D O c^ (that is, a 
pair of diameters each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 
dicular to the other diameter, C c; multiply Cc by twice D E, 

and the product by j; or otherwise — multiply together the given 

conjugate diameters, and their product by the sine of the angle 

between them, and by - 

11. ElUptlc Sectors and Segments.— -In fig. 6, let O A,. O B, be 

the greater and lesser serai-axes of an ellipse,. 
A C D B a quadrant of that ellipse, C O D an 
elliptic sector, and C D an elliptic segment. 
About O with the radius O A describe the- 
circular quadrant A c c? 6 ; through C and D. 
draw Cc and D d parallel to O B, cutting the- 
circle in c and d. Join Oc, Od, cd. Then 
as OA 
: is to OB 




TiQ. 5. 



::Boisthecircular 1^^^*^''^^^ , 

( or segment c a 

.•totheeUiptio I «****" ^^,^T^ 
^ (or segment D, 




Fig. 6. 
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Fig. 7. 



12. HTperboiie Sectmr.^In ^g 7, let the straight lines O X, O Y, 
be the asymptotes of a hyperbola; A and B two points in that 

hyperbola, and O A B a hyperholie 
sector, whose area is requuied. A 
characteristic property of the hy- 
perbola is the foUowing: that if 
from any point in it, such as A or 
B, there be drawn straight lines 
parallel to the asymptotesi, so as 
to enclose a parallelogram, such as 
OCAEorODBF, tbe Areas of 
all such parallelograms cAiall be 
equal for a given hyperbola. Let 
the common area of them allibrthe 
given hyperbola be called the modulus; then the area of the sector 
A O B is equal to the modulus multiplied by the hyperbolic log- 

arithm of the ratio ^^ = -j-j,. (For hyperbolic logarithms, see 

Tables 3 and 3 A.) The areas A C D B and A E F B are each of 
them equal to the sector A O B. 

13. Harmonic Carre (see £g. 8). Case I. Single HarmonM 
Curve, — ^Let A B be the base and O C the height of a harmonic 

curve, O being the 
^ middle of the base. 

The ordinate X Y, at 
any point, X, in the 
base, is equal to 
C multiplied by the 
cosine of an angle 
bearing the same proportion to two right-angles that O X bears te 

A B. Then the area A C B is equal toABxOOx- The 

2 

approximate value of -, correct to about one-2,000,000th, is '63662. 

Case II. Dovhle Ha/rmonic Curve, or Curve of Versed Smes,-^ 
Let the harmonic curve be continued to D and E as far below A B 
as C is above that line ; the arcs A D and B E being similar to 
A C and B C, but inverted; so that the new base D E is twice the 
length of A B, and is a tangent to the curve at D and E; and the 
new height F C is twice O C. Then the area D C E = D E k 

14. Trochoid* or Boiiiag TFare-iine (see fig. 9).^-Let a Circular 
disc, H, roll along a straight line, E F; then a tracing point fixed 
in the rolling disc traces a trochoid, of which A C B is one wavei 
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Fig. 9. 



t^xtending from one of the lowest positions of the tracing-point to 

the next. Let the base of the figure to be measured be the straight 

line^ A B, touching the 

trochoid at A and B; /" cf 

then the length of that 

base is equal to the 

circumference of the 

rolling circle, H; and 

the extreme breadth of 

the figure, C D, is twice the tracing radius, or distance of the 

tracing-point from the centre of the rolling circle. 

To find the area, A C B; multiply the base, A B, by the tracing 
radius, ^ C D, and to the product add the area of the circle 
described on C D as a diameter. 

15. Catenarr, or Chain-curve. — See Section lY., further on. 

Section II. — Cylindrical, Conical, and Spherical Areas. 

1. Cylinder. — The Curved surface of a cylinder is measured by 
multiplying its circumference by its length. 

2. c^ne. — The curved surface of a right cone is greater than 
the area of its circular base, in the same proportion in which the 
slanting side of the cone is longer than the radius of its base. 

3. Sphere. — The surface of a sphere is equal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the sphei*e 
multiplied by its circumference, or to four times the area of a great 
circle of the sphere. 

4 Spherical Zones and Segments. — The area of a ZOne Or belt, 

or of a segment of a sphere^ is equal to that of a zone of equal 
height on the curved surface of the circumscribed cylinder. In 
other words, multiply the height of the zone or segment by the 
circumference of a great circle of the sphere. 

Thus, in fig. 10, B A C is a hemisphere; B D E C, a circum- 
fiKsribed cylinder ; O A, the axis of 
that cylinder ; F K, a plane per- 
pendicular to that axis, cutting 
it in H, and cutting the sphere 
in the small circle I J. Then 
I A J is a segment of the sphere ; 
and its area is equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
X A H; and B I J C is a zone 
or belt of the sphere, whose area ^'^' ^^* 

is equal to that of the cylindrical belt B F K 0^ or to the cir- 
cumierenoe of the sphere x H 0. 
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5. Apherical Triangle— As a complete revolutioii (or four light* 
angles) 

: is to the spherical excess (see Trigonometrical Holes, 
Division V.), 
: : so is the surface of the hemisphere 
: to the area of the triangle. 

Section III. — ^Volumes. 

1. Any Prlnn or Cylinder with Plane Parallel Ends. RuLE A. — 

Measure the sectional area of the prism or cylinder upon a plane 
perpendicular to its axis; multiply that area by the length; the 
product will be the volume. 

Rule B. — Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Rectangular Prism, with Plane Ends not Parallel. — Measure 

the sectional area on a plane perpendicular to the axis; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Triangular Prism* with Plane Ends not Parallel. — Measure 

the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edge& 

4. Rectangular Priam with Curred Ends ('' Woolley^B Mule^*), — Add 

together the lengths along the middles of the four faces of the 
prism, and twice the length along the axis, and divide the sum by 
six, for the mean length ; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved surfaces. 

5. Any 6k>iid. METHOD I. By Layers. — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or C, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Rule C is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For other figures the method is approximate 
only. 
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MiXHOD n. ByPnmmscrOdMam9{"Wcca^''sBMle^—Assanke 
a plane in a oomnenient poihion as a base, divide it into a netvoik 
of equal rectangnlar diruioiis, and oonceive tlie acdid to be built c£ 
a set of lectangolar prismatic oolnmns, having tliese rectangidar 
divisions for thcdr sectional aiea& Measoie the thickness of the 
solid at the eaUre and at the muddle o/eaek of the mjdei of each of 
those rectangnlar oolonins; calculate the volume of etch column 
bj the rule of Secdim HL, Article 4, and take the som of those 
TolnmesL 

Or otherwise;, to calmlate the volume of the solid at one 
operation — add together the doubles ol all the thicknesses before- 
mentioned, which are in the interior of the solid, and the simple 
thicknesses which are at its boundaries; divide the sum bv ax, and 
multiply \fj the area of one rectangular division of the base. 

6. Cmw mr WjmmwKAA —Multiply the area of the base by one-third 
of the height, measured perpendiculaily to the plane of the 

7. aphen mmiL imipiaii BuLE A. — ^Multiply the area of a 
diameteal section (found by Section L, Article 6, for a circle, or by 
Section L, Article 10, for an ellipse) by two-thirds of the height 
measured perpendicularly to the plane of that section. 

HuLB B. — ^Multiply together the three axes of an ellipsoid (or 
take the cube of the diameter of a sphere); then multiply by the 
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Apfvoodmata VaJiiet of -^ Erron, about 

0-5235987756 - -i- one-S00,000,000,000th. 

0-523599 - + one-2,300,000th. 

0-5236- -I- one-400,000th, 

^ ,,^ - -I- one-1 3,000,000th. 

ox llo 

377 

^- + oBe-40,000th. 

2j- -I- one-2,500th. 



Tmmem, — ^The following rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig. 11); 

A prismoidy or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, fig. 12) and four plane faces, parallel or not 
(C F L H, H L K I, I K E D, D E F Q; 

A segment cut off by one plane, or a zone cut out by a jmir of 
parallel planes, from a sphere or an ellipsoid (fi^. \Z^ \ 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical, spherical, or ellipsoidal siufaoe, or 
by any number of planes. 




fX 



.^ — 



^ 



Fig. !!• 




Fig, 12. 

To the areas t>f the ends add four times the area of a cross 
section made by a plane midway between and parallel to the 



^•— • *^ 




'*-. 



Fig. 13. 



ends; divide the sum by six for the mem 
section, which multiply by the length AX 
measured perpendicular to the planes of the 
«nds. 

9. Spherical Cone (O I A J, ^g. 10).— 

Find by Section IL, Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radixis of the sphere. 



Section IV. — Lengths op Curves. 



The measurement of the lengths of curves is called rect'^ication. 
1. Any Carre. RuLE A. By Chords, — Let A B (fig. 14) be 
the curved line whose length is to be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (such 
as 1, 2, 3), measure the series of 

straight chords (such as A 1, 1 2, 

2 3, 3 B), which span those in- 
tervals, and take the sum of 
their lengths; measure also the 

straight chords (such as A 2, 2 B) 
which span the intervals by pairs, 
and take the sum of their lengths *, to 't\i<ek ^x^ sum add one-third 




Tig. 14. 
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of the difference between it and the second sum ; the result will be 
the approximate length of the curve. 

Rule B. By Clwrds and Tangents, — Divide the curve into 
any number of intervals, equal or unequal, by points (such as 2 in 
^g. 14). At the ends and points of division draw straight tangents 
(such as A Tj, T^ Tj, To B), stopping at their first intersections with 
each other. Measure tne total length of those tangents, and also 
tho total length of the straight chords (such as A 2, 2 B). To the 
total length of the tangents add tfwice the total length of the chords, 
and divide the s«m by 3; the quotient will be the approximate 
length required. 

KuLE C. By Tangents, — Let A B (fig. 15) be the curved line 
to be measured. Through its two ends, A and B, draw a pair of 
parallel lines in any convenient dii*ection (but the more nearly that 
•direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
lines into an evenmumhor of 
^equal intervals, by means df 
intermediate parallel lines, 
cutting the curve in inter- 
mediate points, sach as 1, 
2, 3. At each of these in- 
termediate "points, and also 
JsX the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 
lines to the other (as A Tq, 
^ T|, ^2 ^2, ^s Tj, t^ B). 
Multiply the lengths of 
those tangents in their order 
by "Simpson's Multipliers" 
(as in Section I., Article 5, Rule A) ; add together the products, 
and divide their sum by the sum of the multipliers; the quotient 
will be the approximate length required. 

Remake. — Tho errors of the three preceding rules vary nearly as 
the fourth power of the angrdar interval, or angle made by the 
tangents at the two ends of an interval ; hence the lengths of the 
intervals should be made least where the curvature is most rapid, so 
that the sagular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circular arcs 
-with angular intervals of 30°; + meaning too gceat^ «aA — \»vivi 
BmaJ];— 




Fig. 15. 
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Rule A, EiTor about - one-6,500tlL 

„ B, „ + one-4,000th. 

„ C, „ + one-250tlL 

"With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

Rule D. For Ares of Small Curvature. — In ^g. 16, let A B be 

the arc to be measured. Draw the straight 
chord B A; produce it to C, making AC 
^ ^ B A j about C^ with the radius C B 

^ = f B A, di*aw a circle ; then draw the 

p. .g sti-aight line A D, touching the arc A B 

^* ' in A, and meeting the last mentioned 

circle in D; AD will be nearly equal to the arc A R 

For a circular arc of 30® the error of this rule is about + one- 
14,400th; and it varies nearly as the fourth power of the angular 
interval. 

Rule E. From a given Point, to set off a given Length along a 

5^ Curved Line. — In ^g. 16a, let A D be part of 

j; the given curve ; A the given point, and A B a 

*'A straight line of the given length, drawn so as to 

touch the curve at A. In A B take A C = J 

l> A B ; and about C, with the radius C B = | A B, 

Fig. 16a. draw a circular arc B D, meeting the given curve 

in D. The arc A D will be very nearly equal to A B. 

Rule F. To reduce a ^^ Rolled Curve" to an equal Circular 

Arc. — Let D E be a base 

^ line of any figure, upon 

3^^^ X ^ which a disc of any figure 

^'^^ \ rolls; a point,. B, in that 

— "^^ * >^ I disc traces a "rolled 

curve,** P B H. The 
rolling radius at any 

■^ ^ instant is the distance, 

" A. i^ . B A, from the tracing- 

^'Q' ^'- point, B, to the point of 

contact. A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describibg 
the given curve by rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions. Multiply 
die series of rolliug radii by the m>i\.t\^\veii:^ Vxl ^vm'^iiJa first rxile 
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(Section L, Article 5, Bole A) ; add tc^ether tbe producti ; divide 
their {mm by the sum of the multipliers; the qnodent wiU be the 
mean rolling radius. Then with the mean rolling radios describe 
a circtdar arc subtending an angle equal to the total angle through 
which the disc turns in rolling; that arc will be nearly equal in 
length to the given rolled curve. 

Instances of the application of this to particular cases will be 
given in Article 3 of this Section, Rule C, and in Articles 4 and 5. 

2. Circle. — ^The incommensurable latio of the circumference of a 
circle to its diameter is denoted by 7. The following are approxi- 
mations to its value, of various degrees of accuracy : — 



Approadmsta Yalne of 9, Enor, 

31415926536- + one-300,000,0(K),000th. 

3141593- + one-9,000,000th. 

3-1416 - + one-400,000th. 

355 

Yjg- +one-l 3,000,000th. 

377 

j2Q- + one-40,000th. 

360 

TT7-2 + -one-13,000tL 

114-6 

y- + one-2,500th. 

For the approximate value of s- to 250 places of decimaLs, see 
Bierens de Haan on D^mUe Inlegrals, 

For particular results, see Table 5. 

3. A Cireviar Are may be measured by any of the preceding 
general rules, especially Rule D, page 76; also by the following 
special rules : — 

Rule A. By Calculation. — Multiply 2 «• by the ratio which the 
arc bears to a whole circle ; the product will be the ratio which the 
arc bears to its radius. 

Rule B. By Construction. — ^In ^g, 18, let C be the centre of the 
circle, and A B tbe arc to be measured. 
Bisect the arc A B in D, and the arc A D 
in E. Draw the straight tangent A F, and 
the straight secant C E F, cutting each other 
in F. Draw the straight line F B. Then 
A F + F B will be approximately equal in 
length to the arc A B. 

The error of this rule for a circular arc 
equal in length to its radius is about 
+ one-4,000th part of the length of the arc j ^^A%. 
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Fig. 19. 



and it Tftries nearly as the fourtli power of the angle subtended by 
the arc. 

KuLE C From a given Point on a given Circle to lay off an An 
a^pproxirnatdy egual in length to a given Straight Line. — In fig. 19, 

let A be the given point, and A D part of the 

given circle. At A draw the straight tangent 

A B of the given length. In A B take A C 

= iA B; and about C, with the radius C B = | 

A B, draw the circular arc B D, cutting the 

given circle in D. Then the arc A D will be 

nearly equal in length to A B. 

The error of this rule for an arc equal in length to its radius is 

about + one-1, 000th part of the length of the arc; and it varies 

nearly as the fourth power of the angle subtended by the arc. 

Rule D. To Construct a Circular Ave nea/rly equal in length to a 
given Straight Line^ and subtending a given Angle, — In fig. 19, let 
A B be the given straight line. In A B, take A C = J A B; and 
about C, with the radius C B = i A B, draw a circle B D. From 
A draw the straight line A D, making the angle- B A D = one- 
half of the given angle, and cutting the circle B I> in D. A and 
D will be the two ends of the required arc. Then, by the usual 
method, draw tho circular arc AD so as to touch A B in A, and 
pass through the point D ; this will be the arc required. The error 
of this rule is the same with that of the preceding rule. 
4. filUpUc Arc. — To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes OA 
and O B are given. 

In ^g. 21 draw a straight 
Kne, in which take E F = B 
and F G = O A. Bisect it in 
H; and about that point, with 
the radius H F = H K = 

O A - O B , ., . , 

s > describe a circle. 

Mark the points c and d jn, 
that circle, by laying off Ec = 
J,. 20 - OCandErf=OD. 

Then divide the arc c d into 
an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of division 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle oif the radius 
E G, the tracing-point being at the distance H F from the centre 
of the rolling circle ; multiply tYioafe lo^iiii^ tftdii in their order by 
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Simpson's multipliers (Section L, Article 5, Role A); divide the 
sum of the products by the sum of the multipliers; the qaotiait 
vnli he the radius of the rtgmnd circular are^ 




Kg. JL 

Then in fig. 20 describe a cirde about O with the radius O A; 
through C and D draw straight lines parallel to O B, cutting that 
circle in F and A ; join O F, O A ; and about the centre, O, with 
the mean rolling radius already found, describe the circular arc 
M N, bounded by the straight lines O F, O A ; this will be the 
required circular arc approximatdy equal to the elliptic arc D. 

The circular arc may then be measured by the rules of Article 3 
of this Section. 

The following are examples of the errors of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of the number of intervals^ or nearly so : — 

Major liOiKNr T.«.i5!*?p««. Approximatd iss^-*— 

Semi^MiB Semi-azia Eooentridty. ^t!S^iw? Length ^™^ 

I -7071 -7071 1350^ 1*3538 "0032 

I '8000 '6000 1*4184 1*4195 'OOII 

I '8660 '5000 1*4675 1*4681 "0006 

5. CommoM Parabola.— In fig. 16 (page 76) let A be the vertex 
of a common parabola, and A B an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Bule D of Article 1 ei this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fieill the per- 
pendicular B C, and measure the lengths of those lines. Call A C 
the basey and B C the height. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the sloping 
tangent. 

Divide the square of the base by four times the height Call this 
the focal distance. 
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Fig. 22. 



To the sloping tangent add the height ; divide the Bum by half 
the base ; take the hyperbolic logarithm of the qaotient. Midtiply 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum will be the 
required arc* 

6. Catenary.— In fig. 22 the horizontal straight line through is 

the directrix of the catenary; the 
vertical line O A is its parameter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X B a ve^ 
tical ordinate from the directrix to 
the point B; O X the correspond- 
ing abdssa, or horizontal distance 
from O. 

Rule A. — Given, O A and X B ; to find the arc A R 
By construction: — On X B as a hypothenuse constnict the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc A B. (T B is a tangent to the curve at R) 
By calculation :— A B = J (X B2 - O A^). 
Rule B.— The a/rea 0ABX=0AxarcAB=2x tiiande 
XTB. 

Rule C. —Given, O A and O X, to find X B and A B. 
Divide O X by O A; find the hyperbolic antilogarithin of the 
quotient (see Table 3), and the reciprocal of that antilogarithm. 

For the ordinate X B, multiply O A by the half-sum of the 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-difference of the 
same quantities, t 

Addendum to Section I. 

A Piatometer or Pianimeier is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦ In symbols, let A C = a;, C B = y, and the arc AB = ». Then 

"2 

+ In symbols, let A = m; X = su; X B = y; arc A B = »/ then 

_ wi/ • -X _m f ± 'X 

y-2\e''+e *y; »= V^S-rrsr* " 2 V«*— « V' 

x==m* hyp. log. ^ . 



area 
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boundary of the figure to be measured ; and when that point haa 
returned to the spot from which it started^ the area enclosed by 
the boundary is indicated on one or more graduated circles. The 
simplest instrument of this kind is Amstler*& 

Addendum to Sectton IV. 

Bcctlllcatioii of Currem by an Inatrnmeiit. — An instrument for 
recjtifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it. At one end of the 
spindle is a shoulder, to limit the motion of the wheel in that 
direction. 

The wheel being made to bear against the shoulder, is placed 
with its rim resting on the commencement of the curve to be recti- 
fied.* It is then made to ran along the curve in such a dii-ection 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifted, and set down 
at a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
from which it started, its point of contact with the straight line is 
marked; and thus is obtained a straight line equal in length to the 
given curve. 

Section V. — Centres op Magnitude. 

By the magmttide of a figure is to be understood its length, area, 
or volume, according as it is a line, a surface, or a solid. 

The Centra of Magnitude of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from that plane.* 

1. STinmetrica] Figure.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figure is in that 
plane ; if the figure is symmetrically divided in the like manner 
by two planes, the centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
three planes, the centre of magnitude is their point of intersection ; 
and if a figure has a centre offigwre (for example, a circle, a sphere, 

* The ocntre of manutnde of an uniformly heavy hody is the same with 
its centre qfgraxity; m which point mention wiU again be made forthw on. 

The geometrical moTnerU of any figure relatively to a given plane is the 
product of its magnitude into the perpendicular distanoe of ita ceatsA is^sssk 
that plane. 
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an ellipse, an ellipsoid, a parallelogram, &cX that point is its eentie 
of magnitude. 

2. CompoBBd Figure. — ^To find the perpendicular distance firom a 
given plane of the centre of a compound figure made up of parte 
whose centres are known. Multiply the magnitude of each part 
by the perpendicular distance of its centre from the given plane; 
distinguish the products (or moments) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sums, and 
call it positive or negative according as the positive or negative 
sum is the greater; &is is the resultant moment of the compound 
figure relatively to the given plane; and its being positive or n^ar 
tive shows at which side of the plane the required centre liesL 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required.. 

The centre of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3. Compound Figure of Two Parfs. — ^Let a compound figure, as 

in fig. 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measure the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other purt; 
and C will lie in the straight line 
AB. 
^^S' 23. ["Ill symbols, let A and B denote 

the magnitudes of the parts, and A + B that €i the whole figure; 

then 

AP BAB AAB -1 

4. Compound Figure formed by Subtraction. — From the larger 

figure in ^g, 24:, whose known centre is A, let a part whose known 
centre is B be taken away. Draw and measure the straight line 
B A The centre, C, of the remaining figure will lie in B A, pro- 
duced beyond A To find the distance A C, multiply B A by the 
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magnitude of the part taken away^ and divide bj the magnitude of 
the remaining figure. 

[In symbols, let A be the magnitude of the original figure, 
B that of the ^^art taken away, and A — £ that of the remaining 
figure. Then. 



CA 



BB A"l 



5. Flgnre CThaHged by Shlftimg a ParC— In ^g, 25 let be the 

original position of the centre of a figure ;. let the figure be changed 




Rg. 24. Fig. 25. 

in shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifting part of it; and let A be the original 
position, and B the new position of the centre of the part shifted. 
Draw and measure the straight line A B. Through draw C D 
parallel to and pointing in. the same direction with A B; and 
make 

p -p. _ A B X magnitude of part shifted ^ 

"" magnitude of whole figure ' 

D will be the new position of the centre of the figure. 

6. Aay Plane Asea. — ^To find,, approximately, the centre of any 
plane areai 

BuLE A — Let the plane area be that represented in ^g. 3 (of 
Section L, Article 5, preceding). Draw an axis, AX, in a con- 
venient position, divide it into equal intervals, measure breadths at 
the ends and at the points of division, and calculate the area, as 
in Section L, Article 5. 

Then multiply each breadth by its distance from one end of the 
axis (as A); consider the products as if they were the breadths of 
a new figure, and proceed by the rules of Section L, Article 5, to 
calculate the area of that new figure. The result of the operation 
will be the moment of the original figure relatively to a plane per- 
pendicular to A X at the point A 
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IMvide the moment by the area of the original figure; the quotient 
-will be the distance of the centre required £rom the plane peipen- 
dicular to A X at A. 

Draw a second axis intersecting A X (the most oonvenient 
position being in general perpendicular to A X), and by a similar . 
process find the distance of the centre from a plane perpendicular 
to the second axis at one of its ends; the centre will then be 
completely determined. 

BuLE £. — If convenient, the distance of the required centre 
from a plane cutting an axis at one of the intermediate points of 
division, instead of at one of its ends, may be computed as follows : — 
Take separately the moments of the two parts into which that 
plane divides the figure; the required centre will lie in the part 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the resultant rnoment of the 
whole figure, which being divided by the whole area, the quotient 
will be the distance of the required centre from the plane of 
division. 

Bemare. — ^When the resultant moment is = 0, the centre is in 
the plane of division. 

BuLE C. — To find the perpendicular distance of the centre firom 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
*' Simpson's Multiplier" (Section I., Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum <^ 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum 
from the gi^eater, and multiply the remainder by J of the common 
interval if Simpson's first rule is used, or by f of the common 
interval if Simpson's second rule is used; the product will be 
the resultant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that axis.* 

7. Any Solid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a giyen 
axis at a given point, proceed as in Bule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The rules of this Article are expressed in symbols as follows : — ^Let x and 
y be the perpendicular distances of any point in the plane area from, two 
planes perpendicular to the area and to each other, and xq and yo the per- 
pendicular distances of the centre of magnitude of the area from the same 
planes; then 

(A) cro = ^^^; (B) yo^y^EiS. 
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sectional areeu for breadths; then divide the moment bj the volume 
(as found hy Section III., Article 5); the quotient will be the 
required distance. 

To determine the centre completely, find its distances from three 
planes, no two of which are parallel In general it is best that 
those planes should be perpendicular to each other. 

8. amj Carred i<tae. KuLE A. To find CLpproxvmoUily ike 
Centre of Magniinde of a very 
Flat Curved Line. — In fig. 2Q let 
A D^ be the arc. Draw the ^ 
chord A B, which bisect in O; 
draw C D (the deflection} perpen- 
dicular to A B; make D £ = ^ C D; E will be the centre, 
nearly. 

For an are ef a cycloid, with the chord A B parallel to the base- 
line, this rule is exact. For a fiat circular arc subtending a degrees, 
D E is too small by the fraction ^oiKtoo ^^ ^*® length, nearly. 

Rule B. — When the Curved Line is not very flat, divide it into 
very flat arcs; find their several centres of magnitude by Bulc A, 
and measure their lengths by one of the rules of Section lY., 
Article 1; then treat the whote curve as a compound figure, 
agreeably to the rules of Article 2 of this Section. 

9. 8r««tei Fignraa. L Tbiangle (fig. 27). — From any two of 
the angles draw straight lines to the middle 
points of the opposite sides; these lines will 
cut each other in the eentre reqmred;— or 
otherwise, — from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one-third part &om that lin^ 
eommeneing at the side;. 

IL QuADRiLATEBAii (fig. 28). — Draw the two diagonals A C and 
B D, cutting each other in E. If the 
quadrilateral is a parallelogram, E will 
divide each diagonal into two equal parts, 
and will itself be the centre; If not, one 
or both of the diagonals will be divided 
into unequal parts by the point E. Let 
B D be a diagonal that is unequally 
divided. From D lay (^ D F in that 
diagonal = B K Then the eentre of 
the triangle F A C, found as in the 
preceding rule, will be the centre required. 

IIL Plane Polygon.' — Divide it into triangles; find their 
centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the r\xW oi Ax^iO^^ ^ ^1 
See&ik 




Fig. 27. 




Fig. 28. 
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rV. Peism, or Cylinder with Plane Paballel Ends. — Find 

the centres of the ends; a straight line joining them will be the 

axis of the pnsm or cylinder, and the middle point of that line will 

be the centre required. 

V. Tetrahedron, or Triangular Pyramid t^g. 29). — Bisect 

any two opposite edges, <as A D and 
B C, in E and F ; join E F, and 
bisect it in G^; this point wiU be the 
centre required. 

VI. Any Pyramh) or Cone 
with a Plane Base. — Find the 
centre of the base, from which draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
cone. From the axis cut off one- 
^^S- 29. fourth of its length, beginning at 

the base; this will give the centre required. 

VII. Any Polyhedron or Plane-paced Solid. — ^Divide it 
into pjrramids; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

VIII. Truncated Pyramid or Cone. — Find the -respective 
volumes and centres of magnitude of the entire pyramid or cone, 
and of the part cut off; then find the centre of the remaining part 
by the rule of Article 4 of this Section. 

IX Circular Arc. — In fig. 30 let A B be the arc, and C the 

centre of the circle of whioh it is part. 
Bisect the arc in D, and join C D and A R 
Multiply the radius C D by the chord A B, 
and divide by the length of the arc A D B; 
lay off the quotient C E upon C D; E 
will be the centre of magnitude of the 
arc. 

X. Circular Sector, C A D B, ^g. 80. — 
Find C £ as in the preceding rule, and 
make C F = | C E; F will be the centre required. 

XL Sector op a Plane Circular Ring. — In fig. 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner Tadii by three 
times the difference of their squares ; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc D E, found by Rule IX. of this Article, will be the centre 
required. 
XIL Circular Segment, A D B, fig. 30. — Find the respective 
centres of magnitude of tlae sector O ^ T> ^, ^\A \3aft triangle 




Fig. 80. 
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CAB, whicli, being taken from the sector, leaves the segment; 
then, by the rule of Article 2 of this Section, find the centre of 
magnitude of the segment. 





Fig. 32. 

XIII. Pababolic Half-Segment. — In ^g 32 O A B represents 
a half-segment of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — ^that 
is, parallel to a tangent at O. Make O D = f O A, and draw 
D C parallel to A B and = f A B; C will be the centre of magni- 
tude of the half-segment. 

10. Centres Found by Parallel Projection. — By a parallel pro- 
jection of a ^ane figure, or of a solid, is meant a figure resembling 
the original figure, but transformed by having its dimensions in 
one or more directions altered iii given proportions, or by distortion ; 
subject to the limitation — thett to every set of pa/raLld straight lines, 
hearing given proportions to each other in the original figwre, there 
shall correspoTid a set of parallel straight lines in the new fign/re, 
hectring the same proportions to each other. For example, — all 
triangles are paiallel projections of each other; so are all triangular 
pyramids; so are all circles and ellipses ; so are all spheres, spheroids, 
and ellipsoids; so are all drcular and elliptic cylinders; so are 
all conea 

KuLE. — The centre of magnitude of a plane or solid figure, which 
is derived by pa/ralld projection from another fi^gvre, is the parallel 
projection cfdts centre of magnitude of the origirud figure, 

IIemabe. — It is to be observed that this rule applies neither to 
curved lines nor to curved surfaces, but only to plane areas and 
to solids. 

Example.— ^Wip^wj Sector, O C D', fig. 33. Let O be the centre 
of the whole ellipse; A O A its greater, and B O B' its lesser axis. 
About O, with Uie radius O A, describe a circle, A B A B. This 
will be a parallel projection of the ellipse.* Through C and D 
draw E C C and F D' D paraUel to O B, cutting the cn:cle in 

• Because every ordinate of the eUipse, such as X ^'}J^^\^^^^ 
bears a constant proportion to the corresponding ordmate A. x oi \»» ^^va»- 
rz&, tbstafOB':OR 
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C md D; join O 0, O D; the circnlM- sector O D will be a 
parallel projection of the given elliptic aector. Find, hy Rub X. 
of Article 9, the centre at nugni- 
tnde, 0, of the circolar sector; and 
through it draw Q H parallel to 
BO. Then 

OBiOB-tiHOiHG'; 
and Q' wijl be the centre of mag- 
nitude of the elliptio sector, 

11. Tdwae Swept Uy m muwtmg 

pIbmb. — Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let Uie plane figure at e\'ei7 in- 
fig^ 84 stent bo perpendicular to Qis 

direction of that path ; the voloms 
of the space swept through hj the plane figure is the product of the 
area of that figure into the length of the path of its centm. 

If any part of the plane figure moves backa>wrda, the volnms 
swept by '^at part is to be subtracted from the volume swept \sf 
the part that moves forwards, in estdmatiug the volume swept I7 
the whole figure. 

ADDEKDint 

Tabib 7. — Reoolar P0LTGOH8. 




Octagon, 

EimeagOD, 

Decagon, 

HenoewgOD,... 



/ H j 



Decatrigon, 

Decstetragoo,... 
Decapeoti^on, • ■ 
DecaSxagon, 

Icoaagon,... 



[■73205 
1-41421 

1-17557 
)-86777 
> 7*537 
j-6t8o3 
'■56347 
'■S1764 
.■47863 
'■44S'H 
,■4.582 
I '39018 



3-020J 
3 -OS?' 

3-0505 
3-0615 
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The semi-diameter is measured from the centre of the polygon 
to an angle. 

To find the Side of a Regula/r Decagon by Construction, — In fig. 
34 let A B be the semi-diameter of the 
decagon. Draw £ C perpendicular to A B, 
and = ^ A B; join A C, from which cut 
off C D = C Bj A D will be the side 
required. 

To find, very nearly, the Side of a RegvUoft 
Heptagon by Construction. — In ^g, 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into 200 equal parts, and take the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join CD; this 
will be very nearly the side required, the error 
being practically .inappreciable^ 




Fig. 34. 
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PointB» Angles East 

S2. N., 360° OC 

31. K6.W., 348 45 

30. N.N.W.,. 337 30 

29. N.W.6.I^^ 326 15 

28. N.W.,... 315 00 

27. K.W.6.W., 303 45 

26. W.N.W.,. 292 30 

25. W.6.N., 281 15 

24. W., 270 00 

23. W.6.S., 258 45 

22; W.S.W., 247 30 

21. S.W.6.W., 236 15 

20. S.W., 225 00 

19, S.W.6.S., 213 45 

la S.S.W., 202 30 

17. S.6.W., 191 15 

16. S., 18a 00 



of North. 

0^ 00', 0. 

11 15, 1. 

22 30, 2. 

33 45, 3. 

45 00, 4. 

56 15, 5. 

67 30, 6. 

78 45, 7. 

90 00, 8. 

101 15, 9. 

112 30, 10. 

i^o 4D , ..11. 

135 00, 12. 

J 40 ID ,. ...a. .*•... lO. 

157 30, 14. 

168 45, 15. 

180 00, 16. 



Points. 

N. 

N.6.R 

N.KK 

N.K6.N. 

N.E. 

KK6.R 

E.N.E. 

E.6.N. 

R 

R&.S. 

RS.R 

S.£.&.R 

S.R 

S.!E &.S. 

S.S.R 

S.6.R 



Quarter-point.......... = 2° 48' 45* 

Half-point, = & 37 30 

Three quarter-points, = 8 26 15 
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MEASIJIIES. 

SEcnoN I. — Measubes of Angles. 

1. The Sexagesimal SysteBi of angular measuremeDt is as follows :— 
1 revolution = 4 right angles = 360 d^rees; 1 degree = 60 
minutes; 1 minute = 60 seconda Seconds are usually subdi- 
vided into decimal fractions. As to circular measure, see Table 4 
in the preceding part of this work. 

2. The Naniicai or BiaaiT system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points, each divided into halves 
and quarters; 1 point = 11:J: degrees (see preceding page). 

3. The Centesinmi System of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
centuiy, but is now little used. 

Section II. — Measukes op Time. 

1. Sidereal Day. — The Standard unit of time is the Sedebeal Dat, 
being the period in which the earth turns once round on its axis. 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers only. 

2. mean Solar Time.— A SECOND is the time of One swing of a 
pendulum adjusted so as to make 86,164*09 swings in <a sidereal 
day. ' Seconds ai'e usually subdivided decimally. 

One MINUTE = 60 seconds. 
One HOUK = 60 minutes = 3,600 seconda 
One MEAN SOLAR DAY = 24 hours = 1,440 minutes = 86,400 
seconds = 1-00273791 sidereal day. 

3. Yearfc— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = '365*24224 mean sokr days, 
nearly. 

One COKMON year = 365 days. 
One LEAP year = 366 days. 
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Yean of the Gregorian Oalendttr. Days. 

Number of year in the Christian Era — 

Not divisible by 4 without remainder, ^. .....365 

Divisible by 4, but ncrt by 100, 366 

Divisible by 100, but not by 400, 365 

Divisible by 400 [but not by 4,000],» 366 

[Divisible by 4,000, 365] • 

4. Dates, Ciril and Astronomical. — The civil day is held (in 

'estem Europe and in America) to commence at midnight. Tne 
tronomical day commences at noon of the civil day having the 
me designation; that is, twelve hours later than the civil day. 
le civil year is held to commence at midnight of the 31st of 
3cember of the year preceding; the astronomical year commences 
noon of the 1st of January of the civil year. 

5. Relation between Time and liongltnde. — ^At any given itistant 

e mean solar time at two stations differs by an amount proportional 
their difference of longitude, the time at the eastern station 
ing -the later. 

'CoBRESpoNniKa Differences. 



liOngitade. 


Tima 


LoDgitade. 


Tim& 


15" 


I second. 


75° 


.5 hours. 


i' 


4 seconds. 


90 


6 „ 


15' 


I minute. 


105 


7 „ 


i" 


4 minutes. 


120 


8 „ 


15° 


I hour. 


135 


9 » 


30 


^2 hours. 


150 


10 „ 


45 


3 yy 


165 


II „ 


60 


4 ^1 


180 


12 „ 



To show the exact date of any event, the meridian at which the 

ne is reckoned must be specified. 

It is customary for civil and commercial purposes to reckon time 

all places throughout Britain as for the meridian of Greenwich ; 
3al mean solar time being found for scientific purposes, when 
quired, by calculation. 

At stations close to the two sides of the meridian of 180° there 
necessarily a difference of a whole day in the dates •corresponding 

the same real instant, the date at the western side of that 
BridianTjeing the later. The .position of the meridian of 180° is 
irely arbitrary, depending on the position assumed for the meri- 
an of 0°, which is different in >each different nation. 
6. DiTisions of the Tear.— Intervals in days from the beginning 
the first day of January to the beginning of the first day of each 
the other calendar months : — 

* The rales in l:>ncket8 are an improvement pTopoae^\>y ^Vc ^ cS^'YL^qsk^^ 
dch cannot come into operation until A.D. 4000. 
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Common Tear. Leap Year. 

o i 



January,... o 

February,.. 31 

March, 59 

April, 90 

]^y, 120 

June, 151 

A so-called "lunar" 
days.* 



31 

60 

121 

152 



July,. 181 

August, 212 

September,. . . . 243 

October, 273 

November,. . . . 304 

I)ecember, .... 334 



Common Year. Isnj^lm. 

183 
213 

244 

274 

335 



month is four weeks^ or twenty-ei|^t 



Section III. — ^Measubes of Length. 



1. The British Standard Tard is the distance, at the temperature 
of 62^^ Fahrenheit, between two marks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French Metre is Uloo ^ of the distance, at the tempera- 
ture of 13° R^umur (see pages 105, 106\, between the ends of a 
certain bar, called the ^'Toise of Peru" (see pages 93, 94), and ii 
approximately one ten-millionth part of the distance from one of 
the earth's poles to the equator. | The use of this measure, and 
others founded on it, is lawful in Britain, and a copy of the 
standard metre i& kept in the Exchequer office.. 

3. Britiali Meaanrea of Ijength. — 





Inches. 


Feet 


Tarda. 


Inch§ 


= I 


= A 


= ^ 


Hand 


4 


i 


i 


Foot 


12 


I 


i 


Yard 


36 


3 


I 


Chain 


792 


66 


22 


Furlong 


7,920 


660 


220 


Mile 


63,360 


5,280 


1,760 



Statute Mnea. 

= 9 sU o = 0-02539977 
0*10159907 

0*30479721 
0*91439180 

20*11662 

201*1662. 

1,609*3296 



« 2*8(7 

ttW 
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The Incm is subdivided — 

By artificers, sometimes into^ I2ths, or lines, but more' 

commonly into binary divisions, as halves, quarters, Sths, 

l^ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths,. 

lOOths, l,000ths, and 10,000ths. 

* A mcxm hination, or real lunar month, is approximately 29}, or more 
exactly, 29 '53059 mean solar days ; 235 lunations nearly = 19 years, — a peirod 
called a lunar or Metonic cycle. 

t See ''Weights and Measures Act,'' 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Boyal Observatory, Greenwich, 
the Eooms of the Eoyal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on. 
ditierent meridians, (see pa^e IITK 

§ An inch is almost exactly one 500,!500,000th part of the earth's polar 

AXJ'S, 



MEASURES OF LENGTH. 93 

The Hand is used for heights of horses and girths of spars. 

The Foot is subdivided decimally by civil engineers. 

The Yard, in Cloth Measure, is subdivided binarily, into 

halves, quarters, half-quarters, and naUa, or 16ths of a 

yard. An English Ell is 1^ yard, or 45 inches. 
The Chain, in Land Measure, is subdivided into 4 poles or 

perches (each of 5^ yards) and 100 links (each of 7*92 

inches). 
A Fathom is two yards. 

The Geographical, Nautical, or Sea Mile, or Knot, depends 
on the dimensions of the earth, which are known approximately 
only. The following are estimates of its value : — 



Mean length of one minute of 
longitude at the equator; 
being the nautical mile by 
Admiralty Begulation, 

Mean length of one minute of 
latitude, 



Viukt Stfttiite 



Mile 



Metres 



"«"^y- neariy. "^•'^y- 

6,o86 I 1527 1,855 

6,076 i-i5o8 1,852 



A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cahles and 
1,000 foUhoms; the fiithom thus obtained being about one-SOth 
part longer than the common &thom. 

4. Froich Blelrical llIcaaarM of Iicngth. — 



Metres. 


BritlBh MeMorea. 


Millimetre, 0*001 


= 0*03937043 "ich. 


Centimetre, o-oi 




Decimetre, o*i 




Metre, ( = lfmtToise), i 


= 3*2808693 feet. 


Decametre, to 




Hectometre, 100 




Kilometre, 1,000 


= 0*63x3768 mile. 



Myriametre, 10,000 

The French met^= British nautical mile. 
Log. feet in a metre = 0*5159889356. 

5. Old Scottish and Irish Sleasares of Iiongth. — 

The Irish Perch = 7 yards = |4 imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards = 44 

statute mile. 
The Scottish Ifch = 1*0162 imperial inch. 
The Scottish Ell = 37 Scottish inches = 37-06 imperial inches 

= 3*0883 imperial feet 
The Scottish Fall » 6 Scottish ells = 1&5^ imi^ralifi&V 
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The Scottish Milb. = 320 falls = 1,920 ells = 5,929-6 imperia 

feet = 1'123 statute mile. 

Each of those miles was divided into 8 furlongs^ and 81 
chains. 

As to Scottish measures, see Buchanan's Weights and Measures 
Edinburgh, 1829. 

6. Taiions ISKeBMureu of XjengUt*— 



United States, as in Britain. 
India — 
Hath or haut (cubit), 

Coss (mile) = 4,000 cubits,... 

BussiA — 

f'oot = 12 inches, 

Sashen or sag^ne^ 

Yerst (500 sashen), 

Prussia, Denmark^ Norway— 

Foot = 12 inches, 

Buthe (rod) = 12 feet, 

Mile = 24,000 feet, ^.. 

Austria — 

Foot => 12 inches, 

Klafter = 6 feet, 

Mile = 24,000 feet ...... 

German geographical mile, .... 

Grerman sea-mile, «.... 

Sweden — 

Foot =3 12 inches, 

Fathom = 3 ells = 6 feet, 

Mile a 6,000 fathoms, 

Netherlands — 

Palm, 

El, 

Myle, 

Belgiuk, Italy, Portttoal, 
Spain— French Metric Mea- 
sures. 

China — 

Chih (foot), 

Chang = 10 chih, 

Li= 180 chang, 

Old French foot = 12 inches = 

144 lines. 
Old French Toise = 6 feet, 



British Measures. 



i8 inches. 
( 6,ooo feet. 

I = I '13d stat mil^ 

I foot. 
7 feet. 

3,500 ,». 

I "02972 fbot; 
12*35664 feet. 
(24,713-28 
( = 4*6806 stat. miles. 



1*03713 foot. 
6*22275 feet. 
124,891*12 

( = 4*142 stat. miles. 
4 geographical miles. 
I geographical mile. 

0*97410 foot. 

5*8446 feet, 
j 3S»o67*6 
f = 6'6ii6 stat. miles. 

3*937043 inches. 

3*2808693 feet. 
\ 3,280-8693 „ 
( =0-6213768 stat.miL 



f 



Metres: 

0-4S7*- 
1,828*8 

0-3048 
2*1336 
1,066*8 

0*31385 
37662. 



\ 7,532*^ 



0*31611. 
1*89666^ 

} 7,586-64 

7,408 nearly^ 
1,852 nearly. 

0-2969 
I.-78I4 

\ 10,688-5 



oi 



I -054 foot. 
10*54 feet 
( 1,897 feet 
I = 0*3593 stat. milft 



>• 1,000. 



} 



0-32125 

3 '2125 

578-25 



I '0657556 foot 0*324839: 

6*3945335 f«et« » •949036; 

Log. feet in a toise, 0*8058088656. 
For tlie measures of length used in various States of German; 
Bee der Ingenimrj by Dr. Julius Weisbach. 
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SEcnoN rV. — Measures of Abea. 



1. British H 



of 



Used in Science and in Engi- 
neering — 

Sq. inch (decimally subdivided), 

1 foot X linch, 

Square foot (decimally or duo- 
decimally subdivided), ^^,. 

Square yard, 



Square mile, 

Land Measube — 

Perch, 

Sq. chain. (= 10,000 sq. links), ... 

Bood = 40 perches, ^^, 

Acre = 4 roods = 10 sq. chains. 
Used in the Arts — 

Square (of roofing or flooring),...... 

Bood (face of masonry), ^„ 

Bod (face of brickwork), 



Sq. Xnches. 


Sq.Feet 


Sq.Metro&. 


I 

12 




oxxx)645i48 
0*007741725 


j- 144 


s 


ox)9290i3 


Sq. Tarda 
3,097,600 


9 
27,878,400 


0*836112^ 
2,589,941 


30I 
4S4 
1,210 
4,840 


272J 

4.356 
10,890 

43.560 


25*292 

404*678 

1,011*696 

4,046*782 


36 


100 

324 
272 


9*29013, 
30*1 
i 25*269 



2, French BKetric BKeaMireti of Area»^ 



Science and 
Engineering: 

Sq. millimetre,... 
Sq. centimetre,.. 
Sq. decimetre,... 

Sq. metre, = 

Sq. decametre,= 

Sq.hectometre, = 



Land. 



Milliare, 

Centiare, 

Deciare, 

Are, 

Decare, 

Hectare, 



Square Metres. 

0*000001 
0*0001 
0*01 
0*1 
1*0 
la 
100 
1,000 
10,000 



British Maasorea 



=0*00155003 s^. inch.. 
0*155003 s^. mch. 
15*5003 sq. mches. 
1*07641 sq. foot. 
10*7641 sq. feet. 
107*641 sq. feet 
1,076*41 sq. feet. 
ro,764'i sq. feet. 
107,641 sq. feet=2'47ii acrea. 



3. Old Scottish and Irish liand Sleaanres. — ^Irish acre = 4 rOOds => 

196 

160 perches = 70,560 square feet = j^, or 1*6198 imperial acre*. 

Scottish acre = 4 roods =160 falls = 54,937 square feet = 1*2612 
imperial acre. 

4. Tarions BKeamirea of Area»— 

British Measnrefli 
United States, as in Britain. 



BussiA — 

Square foot =144 square in.,. 
Square sashen =49 square ft., 

De88atine=2;400 sq. sashen,. 



I square foot. 
49 square feet 
J 117,600 „ 
( =2*69977 acroa. 



Square Hetresi 



^(lO, 



ox)929oi3 
4-55217 



92s 
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Various HLkabubms of Abxa— conClmcedl 



Prussia, Denmark, Norway — 
Square foots 144 square in.,. 
Square mthe => 144 square ft., 

Morgen « 180 square mthen, 

Austria — 
Square ft. =144 square in.,... 
Square klafter = 36 square ft., 

Joch= 1,600 square klafter,... 

Sweden — 
Square ft. = 144 square in.,... 

TunnlaDd= 56,000 square ft, 

Netherlands — 
Square el, 



K^UOAV «,«•.•..••• 

Bunder =10,000 square el,.... 

Belgium, Italy, Fortuqal, 
Spain — French Metric Mea- 
sures. 

Old French square foot = 144 
square inches, 



{ 
{ 

{ 



Biltldi 



1*06033 *1* ^<'^* 
IJ2*6875 "4* ^^^^ 

27,48375 

KO'63094 acre. 



ix>7564 8q. fioot 
38723 sq. feet 

61,957 

s I '47366 acre. 



0*94887 sq. foot 
53.1367* aq.feet 
= 1*21977 acre. 

10*7641 sq. feet 
107,641 

b2*47ii acres. 



1*1358 sq. loot 



} 



0^)9850 
141-85 

} 2,553*3 

ox)9993 
35975 

} 5.756 

ox)88i5 
} 4,936-4 



IXXOOO 

lO^OOO 



0^10552 



Section Y. — Soijd Measube& 



1. Siitish Solid BKeaMiroi.— 



Cubic inch (subdivided decimally), 

1 footxl inchx 1 inch, 

1 footx 1 footxl inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Rood of masonry (=36 square yards 

fEtce X 2 feet thick), ....*. 

Bod of brickwork (= 272 square feet 

fece X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a ship, 

Ton, shipbuilders' old measurement,... 



CaUcInohefli 


OaMeft 


OnUelietni. 


I 

12 

144 


^ 
i 


01000016387 

oxxx>i9664 

010023597 


} 1,728 


I 


0x3283161 


46,656 

1 Coble yards. 
{ 24 


27 
50 

648 


0764534 
1-4158 

18-35 


} Hi 


306 


8*665 




35 


0*9910624 




100 


2*83161 


•••••• 


94 


2*6617 
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2. — ^French metric Solid OIi 



Science and 
Kpgineering. 

Cubic millimetre^ 
Cubic centimetre, 
Cubic decimetres 



Cubic metre. . . .. = 
Cubic decametre=. 



Tradei 



Millistere, 
Centistere, 

Decistere, 

Stere, 
Decastere, 
Hectostere, 
Eilostere, 



OnUc Metres. 

(TOOOOOOOOI 

OXXXXX)! 

O10OI 

OX)! 

O'l 

IX) 
lO 
100 
1,000 



Britiah Measnres. 

010000610254 cubic in. 
010610254 
61*0254 
610*254 
j6,io2*54 

35'3i56 

353-150 
3,531*56 
35,315*0 



If 



3. Tarioas Solid SlesMnres. — 

Unitsd States, as in Britain. 

BussiA, cubic foot, 

Prussia, Denmabk, Norway, cubic ft., 

Austria, cubic foot, 

Sweden, cubic foot, 

Netherlaitds, cubic el, 

Beloium, Italy, Portuoal, Spain — 

French metric measrures. 
Old French cubic foot, 



Britiah CaUo Feet 

I' 

1*09184 

i'"557 
0*9243 

35-3156 



I '2105 



OaUclIetraa. 

0*0283161 

0*03092 

0-03159 

0*02617 

1100000 



Norway, last (of ship's displacement) » 2} British tons, nearly. 



ox)3428 



SEcnoN VI. — Measubes of Weight. 



1. The Standard Ponad Aroirdapois is the weight, at the temper- 
ature of 62° Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at Westminster. 

2. The Standard Kilogramme is the weight, at the temperature 
of the maximum density of water (about 4° Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
latitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawful in Britain, and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
Miller's paper ^^On the Standard Pound" in the PhitosopMcal 
TransacUona for 1856. 

* The kilogramme was at first intended to be the weight of a cabio 
decimetre of pure water at its TnaTimnTr^ density; but it is in fiict some- 
what greater. 

H 
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3. Britiali BKcsMnes of Weight. — 

Grains 

AvoiKDUPOis Weight — 

Dram, 

Ounce = 16 drams, 

Pound = 16 ounces, 

Stone, j* 

Quarter = 2 stone, 

Cental, 

Hundredweight = 8 stone 
Ton = 20 cwt, 
Tbot Ain> Apothecabies' 
Weight — 

Grain, 

SCruple (Apoth.), 



} 



27-34375 

437-5 
7,ooo 

Ton. 

0*00625 

0*0125 

0*05 
I 



Pennyweight (Troy),... 
Dracnm (Apoth.) = 3 

scruples, 

Ounce = 20 dwt. \ 

= 8 drachms, J 

Pound = 12 oz., 

Diamond Weight — 

Diamond grain, ,*• 

Carat = 4 £amond grains, 



Graina 

I 
20 

24 
60 



480 
S>76o 



Lbs. 
ATOirdapdSk 

ox»39o625 

ox)625 

I 



14 
28 

100 

112 

2,240 



o*8 

3.2 



7 (TO 

000285714 
0*003428571 

0*00857143 
006857143 

0*82285714 






4. French metric Meamires of Weight*-^ 

Grammes. 



O'OOI 

o*oi 
0*1 
i*o = 
10 
100 
i,ooo = 
10,000 
100,000 

1,000,000 = 



Milli^amme, 

Centigramme, 

Decigramme, , 

Gramme, 

Decagramme, 

Hectogramme, 

Kilogramme, 

Mynagramme, 

Quint^ 

Tonneau (in shipbuild-) 
ing) or millier, ( 

5, Tarions BKearares of Weighto— 

United States, as in Britain, with the 
following exception: — 
Quintal, 

BUSSIA — 

Pound = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds,... 
German Zollyebein, Denmabk, Nob- 
way — 

Pound, 

Centner = 100 pounds, 

Austbia — 

Pound = 32 loth, 

Centner = 100 pounds,.... *.*•*.. 



Qfeammea. 

17718461 

28*3495408 

453*5926525 

6,350297135 

12,700*59427 
45.359*26525 
50,802*37708 
1,016,047*5416 

0*06479895 

1-295979' 
1*5551748 

3887937 

31-103496 
373241952 

0'05i839i6 
0-20735661 



British IfoaBureSi 



15 '43234874 grainsi 



2*20462125 lbs. avoirdupoift 



0*9842059 ton. 



l^itiah Measnrea 

100 lbs. 

0*90283 
361*132 



\ 



1*10231 
110*231 

1*2346 



\ 



GiBmrnea 

45,359-26525 

409-52 
163,808- 



Socr 
50,000- 

560*012 



MEASUBES OF WEIGHT— OP CAPACTTT. 
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Vabious Measubes of Weight — continued. 



Sweden — 

Skalptmd = 32 loth, 

Skeppund = 400 skalpund, 

Netherlands — 

Pond = 10 Oncen= 100 Looden= 1,000. 

Wigtjes, 

Belgium, Italy, Spain, Portugal — 

French Metric Measures. 
China — 

Gin or Catty = 16 tad or lyang, 

Picul = 100 catties, 



British Measarea 

0-9377 
375*o8 

J- 2*20462 



i^ lb. avoir. 
I33i 



>> 



Ghraxnmes. 
425-3395 



425-32 
>,I35» 



170, 
1,000* 



60479 
60,479. 



Section YII. — Measures op CAPAcmr. 

1. The Standard OaUon is the volume of 10 lbs. avoirdupois of 
pure water, at the temperature of 62° Fahrenheit,, and under the 
atmospheric pressure of 30 inches of mercury. At that tempera- 
ture tiie volume of water is 1*001118- times its minimum volume. 

2. The Standard i^icre is the volume of a kilogramme of pure 
water, at its temperature of maximum density (about- 4° Centigrade), 
and under the atmospheric pressure of 760 millimetres of mercuiy. 
It was originally intended to be a cubic decimetre, but is actually 
somewhat greater. 

3. BriUsift SleamiTes of Capaeitr* — 



Gill, 

Pmt 

Quart = 

Pottle = 

Gallon = 

Peck = 

Bushel =3 

Quarter = 



4 gills, 

2 pints,.... 
2 quarts,.. 

2 pottles, . 

2 gallons,. 
4 pecks,... 
8 Dushds, 



Gallons. 

0-03125 

0*125 

0*25 

0-5. 



i*o 



2 
64 



British SoUd Measora^ 
nearly. 

8*660 cub. inches. 
34640 
69*280, 

138-5615. 
277*123 

=0*160372 cub. foot 

0-32074A „ 

1*282976' „ 

10*263808 cub. feet 



9* 
9* 



} 



litres. 

0*141907 
0*567628 

I -135255 
2*27051 

4-54102 

9*08204 



36*32816 
290*62528 

A tun of ale = 2 butts = 4 hogsheads = 216 gallons = 980*86 
litres. 

A ton of searwater = 35 cubic feet = 218} gallons nearly = 
991*04 Utres. 



Cable Inohea 



ox»376 

0*2256 

1*8047 

28*8750 

231*0000 



LitresL 



Apothecaries' Fluid Measure. — 

Minim = 

Fluid drachm = 60 minimH, 

Fluid ounce = 8 fluid drachms, 

Pint = 16 fluid ounces, 

Gallon s 8 pints, 

* This is the correct volume of 10 lbs. of pure water at 62° Fahr., and is 
therefore the true value of a sallon in cubic inches. lu an Afit ot ?^\i^ass^ssfi^ 
now partly repealed, that VMume is stated to be 211 *214 CT^yAfi mO^iaiiu 



0*0000616 

0*003697 

0*029572 

0-473154 

3785235 



100 
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4 French BKetrle BlcatBra of Capacltj. — 



litres. 



O'OOI 

O'OI 

O'l 

lO 

lOO 

I,000 

10,000 



OaUo InoheB. 



Millilitre, 

CentUitre, 

Dedlitre, 

litre, 

Decalitre, , 

Hectolitre, 

Kilolitre, 

Myrialitre, 

5. Tarioas measures of Capaelty. — 

United States — 

Gallon = 231 cubic inches, 

BussiA — 

Vedro =3 10 kraschki = 750'568 cubic inches =» 

Pkussia — 

Quart or Viertel ( = 64 Prussian cubic inches), 

Oxhofb = 14 ohm = 3 eimer = 6 anker = 180 quart. 

Tonne = 4 schefifel = 64 metzen = 192 viertel, 

Austria — 

Maass = 40 seidel = 80 pfiff = 0*0448 Austrian! 
cubic foot, } 

Eimer = 40 maass,. ...^ 

Sweden — 

Kann ( = O'l Swedish cubic foot), 

Am = 60 kannar, 

Netherlands — 

Kan (subdivided decimally), 

Old Scottish gallon = 8 pints = 16 chopins = 32) 
mutchkins = 128 gills, > 



6ix>27 



GsOooft 



0*220215 



GalloiiB. 
0-833565 

270843 
0'252I5 

4S-3»7 
48*413 

0*3116 
12*464 

0*57635 
34-581 

0*220215 
30651 



litraflL 
' 378523s 



12*299 
i*i4S 

206'I 

219*84 

1*415 
56-6 

2*617 
157*02 

I 

13-9187 



Section VIII. — Measukes op Value, 

1. The Flaenera of Gold and Sllrer Coins means the proportion 

of the precious metal which they contain^ and is generally expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in carats, or 24ths of their total weight 

The fineness of British gold coins is 22 carats, or 0*916|; of 
British silver coins, 0*925; and of the coins of most other nations, 
0*900. 

2. The Pound Sterling is the value of the 

pure gold in a sovereign, viz., 113*001 graina 

The alloy in a sovereign consists of copper,... 10*273 « 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0-916|. 

Least legal tender weight, 122*75 n 

Current weight, or least weight received at 
par at the Bank of Englsjid, «•*•«««««««« 122*5 » 
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3. The Fnwc is the value of 4-5 grammes of pnre sUver; which 
being alloyed with 0*5 gramme of copper, the fiill weight of the 
coin is 5 grammes. The fineness is 0*900. The Italian Unt is 
equal to the &anc in weight, fineness, and yalua 

4. The Grerman VhImi DoUst (Yereinsthaler) is the value of -^ 
of a ZbUpfund f = ^ of a kilogramme^ or 257*2 grains) of pure 

silver, to which is added ^ of its weight of alloy^ the fineness 

iDeing 0*900. 

5. The €ompiinitiTe Taiae of moneys in different countries 
fluctuates with the rcUe of exchange, and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For further information, 
reference may be made to M'CuUoch's Commarcial IHctumary, and 
Kelly's Universal CambisL 

£ Sterlinc. Franca. 

British Pound sterling = 20 shmings ) .qqqq» 2 e-a-o 

= 2i0 pence :r= 960 farthingfi, / ^ ^^^^ ^5 220 

French and Belgian FranG:s= 100) 0*0^06 »t i*ooo 

centimes = ItaUan lira, j 39 5 

American Dollar = 100 cents, 0*20548 5'i83 

Bxissian EtMe = 100 kopeks, 0*15625 3*94^ 

German VereinsthcUer(JJjdoiiDo\lax), \ 

= Prussian tluder = 30 sUberg- > 0*14493 3*^55 

ffoscken=. 360 p/ennige, j 

Austrian Guldm (Florin) = | ver«- ) 0*00662 2-aqy 

insthaler = 100 neukreutzer, j ^ ^*'' 

South Grerman Gulden (Florin) ss\ 

^ vereinsthaler = 60 kreutzer == > 0*08282 2*089 

24:0 p/ennige, j 

Netherlandish Gulden,, Guilder (or) ^o^^l 

morin) = 100 cento, } °°«333 

Danish Eigsbankdaler = 96 skit- \ ,_^o 

ling, I o 10984 2*770 

Norwegian Speci^sdal^ ^ud'^) ^.^^^^g ^.^^^ 

Swedish Iiiksdahr=lOO ore (spedes- \ ^.^^ ,^^ ,.«q« 

dWer = 4 riJ^daler), .!!!.... / ^ °5479 i 382 

Portuguese Milreis = 1,000 rew,, 0*2354 5*937 

Spanish Duro (Dollar) = 20 reales, 0*2083 5*^54 

British Indian Rupee =16 anruis = ) ^.ono»» o-ooft 

192 pke{lac=lOO,000 rupees),...] ^°^^' ^ ^^^ 
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Section IX. — Measures of Speed, Heaviness^ Pbessub^ 

Work, and Power. 

1. Speed or Teiocitr of advance is expressed in nnits of lengtii 
per unit of time. 

Comparison of Different Measures of Velocity » 

Miles Feet Feet Feet 

per hour. per second. perminuta. per hoar. 

I =1-46 =88 = 5280- 

0'68i8 = !• =60 = 3600 

0*01136 = o*ot6 = I =60 

. . • . 

0*0001893 = 0*00027 = o*oi6 = I 

1 nautical mile'\ 
per hour, orV =1*1508 = 1*688 = 101*275 = 6076^ 
"knot," 3 

The units of time being the same in all civilized countries, the 
proportions amongst their units of velocity are the same -with those 
amongst their linear measures. 

2. Speed of Tnming, or Angalar Telocitf, is expressed in tums 

per second, per minute, or per hour, or in circidar measure per 
second. 

To convert turns into circular measure, multiply by 6*2832 
To convert circular measure into turns, midtiply by 0*159155 

Comparison of Different Measures ofAnguh/r Velocity. 



Circular Measure 
per second. 


Turns 
per second. 


Tumfl 
per minute. 


TnniB 
per hoar. 


I 
6*2832 


0-159155 
I 


9'5493 
60 


572-958 
3600 


0*10472 


0*016666 


I 


60 


0*001745 


• 

0*000277 


0*0 1 66(^ 


I 



3. HearineM is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) Specific Grarity is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is 62° Fahr., and in France the 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
the cubic foot, multiply by 62*355. 

In 'metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic -decimetre 
very ne&rlj). 
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4. The Wmtmmaitf of Pic— hj is expressed in units of weight on 
the unit of area, as pounds on the square inch, or kilogrammes on 
the square metre; or by the height of a column of some fluid; 
or in atmoaphereSf the unit in this case being the average pressure 
of the atmosphere at the level of the sea. 

The following table gives a comparison of various units in which 
the intensities of pressures are commonly expressed. 

Poimds on the Poimdi on the 

square foot eqnare inch. 

One pound on the square inch,.... 144 i 

One pound on the square foot, i xn 

One inch of mercury (that is, weight 

of a column of mercury, at 32° 

Fahr., one inch high), 70*7275 0*491163 

One foot of water (at 39'''1 Fahr.), 63*425 o'4335 

One inch of water, 5*2021 0*036125 

One atmosphere, of 29*922 inches 

of mercury, or 760 millimetres, 2,116*3 14*7 

One foot of air, at 32° Fahr., and 

under the pressure of one atmos- 
phere, 0*080728 0*0005606 

One kilogramme on the square 

metre, 0*20481 0*0014223 

One kilogramme on the square 

millimetre, 204,813 i>422*3 

One millimetre of mercury, 2*7^47 o*oi934 

Compcmson cf Heads of Water in Feet, wUh Pressures in 

Various Units. 

One foot of water at 52°*3 Fahr. = 62*4 lbs. on the square foot. 

„ „ 0*4333 1^« ^^ *^® square inch. 

^ „ 0*0295 atmosphere. 

„ „ 0*8823 inch of mercury at 32°* 

r feet of air at 32°, and 
w ". * ^^ ( one atmosphere. 

One lb. on the square foot, 0*016026 foot of water at 52°*3 

Fahr. 

One lb. on the square inch, 2*308 feet of water. 

One atmosphere of 29*922 indies > ^ _ .^ 

of mercury, / ^3 9 

One inch of mercury at 32% i*i334 » » 

One foot of air at 32°, and one ) Q-ooigg. 

atmosphere, J y » » . 

One foot of average sea water, i *o26 foot of pure water. 

5. irmk is expressed in units of weight lifted through an unit 
of height: as in lbs. lifted one foot, called foot-^^oumda ; ^x 
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kilogrammes lifted one metre^ called hlogrammdrea, (See Section 
XL of this part) 

A kilogrammetre is 7*23308 foot-pounds. 
A foot-pound is 0*138254 kilogrammetra 

6. Power is expressed in imits of work done in an unit of time; 
as in foot-pounds per second, per minute, or per hour; or in 
conventional units called horse-povoer. 

One Horse-Power, British measure, = 550 fl.-lbs. per second 
= 33,000 ft. -lbs. per minute = 1,980,000 ft. -lbs. per hour. 

One ^^ Force de Cheval,* French measure, = 75 kilogrammetres 
per second = 542^ ft -lbs. per second nearly = 0*9863 
British horse-power. 

One British horse-power = 1*0139 force de cheyal. 

7. The Ataticai Moment of a given weight relatively to a given 
vertical plane is the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Compcmaon ofMeaswrei of Statical Moment, 

Eilogmiiinetre& 

Inch-lb. = o*oii52i 

12= I rt-lb.=: 0'138254 

112= 9i= ilnch-cwt.= 1*29037 

1,344= 112 = 12=: I Foot-cwt.:= 15*4844 

2,240= i86§= 20= i|= I Inch-ton = 25*8074 

26,880 = 2,240 = 240 =20 := 12 = I Foot-ton = 309*689 

8. Absoiate Vnitm of Force.— The "Absolute Unit of Force" IB 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an unit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Britam one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of ihe sea, and in some 

definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 
In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 
In France the unit of weight chosen is a gramme, and it is 

equal to 9*8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 
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the same but for the variation of the force of gravity in the 
latitude. Gravity is about 1*00017 times greater in London than 
in Paris. 



Section X.— Measubes of Heat. 

1. TempenUwrey or, Intenaltjr of Hcat« — 

Standard Points — iS^SStcliSSiS B&^nr. 

Boning point of water \ ^^^o ^^, g^o 

under one atmosphere, / 

Melting point of ice, i . . . 32" 0° 0° 

<^^S::ry"^k.'^""} about- 46x-a_. 74' -.X9=.) 

9° Fahrenheit = 5° Centigrade := 4"* K^aumui*. 

9 
Temp. Fahr. = - Temp. Cent. + 32« 

5 5 

Temp. Cent = ^ (Temp. Fahr. — 32°) = j Temp. R^aum. 

2. Qwutddes of Heat are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogrammes of water 
heated one degree Centigrade (the French unit of heat). 

One French unit of heat (called Calorie) = 3*96832 British units. 
One British unit of heat = 0*251996 French units. 

Quantities of heat are sometimes also expressed in units of 
evaporation; that is, tmits of weight of water evaporated imder 
the pressure of one atmosphere. 



Heat which evaporates one lb. 

of water imder one atmos- )- =966*1 British units of heat, 
phere. 



Heat which evaporates one) ^ /r^i? -u vx'i.j. 
Mlognunme of water, } = S3«-7 French unite of heat 
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CoMPABATiYE Table of Scales of Temperatube. 



Fahr. 


Cent 


B^ma 


Fahr. 


Cent 


B^ma 


Fahr. 


Cent 


BlUBL 


-58 


-50 


-40 


3" 


155 


124 


680 


360 


288 


-49 


-45 


-36 


320 


160 


128 


689 


365 


292 


-40 


-40 


-32 


329 


165 


132 


698 


370 


296 


-31 


^35 


-28 


338 


170 


136 


707 


375 


300 


-22 


-30 


-24 


347 


175 


140 


7r^ 


380 


304 


-13 


-25 


— 20 


356 


180 


144 


725 


385 


308 


- 4 


— 20 


-16 


365 


185 


148 


734 


390 


312 


+ 5 


-15 


— 12 


374 


190 


152 


743 


395 


316 


. ^4 


-10 


- 8 


383 


195 


156 


752 


400 


320 


23 


- 5 


- 4 


392 


200 


160 


761 


405 


324 


32 








401 


205 


164 


770 


410 


328 


41 


+ 5 


+ 4 


410 


210 


168 


779 


415 


332 


50 


10 


8 


419 


215 


172 


788 


420 


33^ 


59 


15 


12 


428 


2^0 


176 


797 


425 


340 


68 


20 


16 


437 


225 


180 


806 


430 


344 


77 


25 


20 


446 


230 


184 


815 


435 


348 


86 


30 


24 


455 


235 


188 


824 


440 


352 


95 


35 


28 


464 


240 


192 . 


833 


445 


356 


104 


40 


32 


473 


245 


196 


842 


450 


360 


"3 


45 


36 


482 


25© 


200 


8^1 


455 


364 


122 


50 


40 


491 


255 


204 


860 


460 


368 


13* 


55 


44 


500 


260 


208 


869 


465 


372 


140 


60 


48 


509 


265 


212 


878 


470 


376 


149 


65 


52 


518 


270 


216 


887 


475 


380 


158 


70 


56 


527 


275 


220 


896 


480 


384 


167 


75 


60 


536 


280 


224 


905 


485 


388 


176 


80 


64 


545 


285 


228 


914 


490 


392 


185 


85 


68 


554 


290 


232 


923 


495 


39^ 


194 


90 


72 


563 


295 


236 


932 


500 


400 


203 


95 


76 


572 


300 


240 


941 


505 


404 


212 


100 


80 


581 


305 


244 


950 


510 


408 


221 


105 


84 


590 


310 


248 


959 


615 


412 


230 


no 


88 


599 


315 


252 


968 


520 


416 


239 


115 


^2 


608 


320 


256 


977 


525 


420 


248 


120 


96 


617 


325 


260 . 


986 


530 


424 


257 


125 


100 


626 


330 


264 


995 


535 


428 


266 


130 


104 


635 


335 


268 


1004 


540 


432 


275 


135 


108 


644 


340 


272 


1013 


545 


43<> 


284 


140 


112 


653 


345 


276 


1022 


550 


440 


293 


145 


116 


662 


350 


280 


1031 


555 


444 


Soa 


150 


120 


671 


^5r> 


284 


1040 


560 


448 



CONVERSION-TABLES. 
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Section XL — Tables op Multipliers fob Converting 

Measures. 



L. Comparison of Blnaiy, 

res.4tha. 8thB. 16fli& 82d& 

I 
Z ... 2 



1 • •• J» . • < 



3 
4 
5 



X ••• 2 ... 4 



. 6 

7 
. 8 

9 
5 ... lo 



II 
3 ... 6 ... 12 

13 



I •• 2 . •• i^ 



7 ••• 1^4 

8 ... 16 

9 ... 18 



19 
5 ••• 10 ... 20 

II ... 22 

23 

3 ••• O ... 12 ... 2^ 

25 
13 ... 26 

27 

7 «.• 14 ••• 28 

29 

15 — 30 
3^ 

p%» JL ... o ... It/ ... ^^ 



Decimal* aad Duodecimal Fractioi 

DedmalB. 12thB. 6tli8. 4tli8. Sda. Halvea. 
•03125 
•06250 

•0833S — * 

•09375 
•12500 

•15625 

•1666,7 ,.. fe ... I 

•18750 

•21875 

•25000 ... .3 X 

•28125 
•31250 

•33333 — 4 .- 2 I 

•34375 

•37500 
•40625 

•41667 ... 5 

•43750 
•46875 

•50000 ... 6 

•53125 
•56250 

•58333 - 7 

•59375 
•62500 

•65625 

*^6e(ii ... 8 

•68750 

•71875 

75000 ... 9 3 

•78125 

•81250 

•83333 ••• i^ ••• 5 

•84375 
•87500 

•90625 

•91667 ... II 

•93750 

•96875 

1*00000 ... 12 ... 6 ... iV ••* "^ *** "^ 



... ."l . • • 



Z ••« . .f ••• I 



. . . 4 ... •'•'. • •'• 
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The values, in decimals, of the binary fractions are exact Those 
of duodecimal fractions which are not also binary fractionB^ are 



2. Itlnillplicra for 


CoBTcrtlng Britlsk WLtman 


rea.-- 






A.-LinkB 
into 


R— Feet into 
TAriku, 


0.— ^Square 
Links into 


D.— Sqnaro 

Feet into 






Feet 


Square Feet 


Square Link!. 




I 


0*66 


1-51515 


04356 


2-2957 


I 


2 


1*32 


303030 


0*8712 


4-591^ 


2 


3 


1-98 


4*54545 


i^3o68 


68871 


3 


4 


2 64 


6*06061 


17424 


9*1827 


4 


5 


3-30 


7-57576 


2-1780 


11-4784 


5 


6 


396 


9*09091 


2-6134 


^3-7741 


6 


7 


4*62 


10*60606 


30492 


16*0698 


7 


8 


528 


12*12121 


3.4848 


18*3655 


8 


9 


5*94 


13-63636 


3.9204 


20*6612 


9 


10 


6 -60 

E.— Mean 


15-15152 

F.— Statute 


4-3560 


22-9568 


IQ 




Geographical 
MiTesinto 


Miles into Mean G.— Tons 


H.— Lbs. 






Geographical 
Sfiles. 


I intoLb& 


intoTonsL 






Statute Milea 








I 


1-151 


0*869 


2,240 


•0004464 


I 


2 


2'302 


1-738 


4,480 


•0008929 


2 


3 


3452 


2*607 


6,J20 


•0013393 


3 


4 


4-603 


3-476 


8,960 


•0017857. 


4 


5 


5754 


4-345 


II,.2<DO 


•0022321 


5 


6 


6*905 


5-214 


I3»440 


•0026786 


6 


7 


8056 


6*083 


15,680 


•0031250 


7 


8 


9*207 


6*952 


17,920 


•0035714 


8 


9 


10-357 


7*821 


20,160 


•0040179 


9^ 


lO 


11*508 


8*690 


22,400 


•0044643 


to 




I— Tons 


J-.— Cubic Feet 

intrt Trrna 


K— Lbs. on the 


L.~LbB.on 






Displacement 


Square Inch 


the Square Foot 
into Lbs. on the 






into 


Displacement 


into Lbs. on the 






Cubic Feet 


Square Foot 


Square Inch. 




I 


35 


•02857 


144 


•00694 


I 


2 


70 


•05714 


288 


•01389 


2f 


3 


105 


•08571 


432 


•02083 


3 


4 


140, 


•II4291 


576 


•02778 


4 


5 


^5 


•I428d 


720 


•03472 


5; 


6 


21a 


•I7H3 


864 


•04167 


6 


7 


245 


•20000 


I^Q08 


•04861 


7 


8 


280 


•22857 


I,X52 


•05556 


8 


9 


315 


•25714 


1,29^ 


•06250 


9 


lO 


350 


•28571 


1,4-^0. 


•o6944« 


10 
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It— Lbs. Avoir 


K.— Grains into < 


D.— Cubic Feet 


p.— Gallons into 


into Grains. 


Lbs. Avoir. 


into Gallons. 


Cubic Feet 


^ 7, 


000 


0*000142857 


62355 


0*16037 I 


2 14, 


000 


0*000285714 


12*4710 


0*32074 2 


3 2I,000 


0*000428571 


18*7065 


0*48lI2 3 


4 28, 


000 


0*000571429 


24^9420 


0-64149 4 


5 35, 


000 


0*000714286 


31-1775 


o*8oi86 5 


6 42, 


000 


0*000857143 


374130 


0*96223 6 


7 49, 


000 


0*001000000 


43-6485 


1*12260 7 


8 56, 


000 


0*001142857 


49*8840 


1*28298 8 


9 63, 


000 


0*001285714 


46-1195 


1*44335 9 


10 70,000 


0*001428571 


62*3550 


1*60372 10 


Q.— Values of Decimal Fracttons of a Pound Sterling in Shillings and Penoa 


£ 


8. 


d. 


£ i 


r. d. 


£ 8. d. 


•001 = 





0*24 


•01 = 2*4 


•1 = 2 


•002 





0*48 


•02 4*8 


•240 


•003 





0*72 


•03 7*2 


•360 


•004 





0*96 


•04 9*6 


•480 


•005 





I '20 


•05 ] 


t o*o 


•5 10 


•006 





1*44 


•06 ] 


[ 2*4 


•6 12 


•ooy 





1*68 


•07 ] 


[ 4'8 


•7 14 • 


•008 





1*92 


•08 : 


C 7*2 


•8 16 


•009 





2*l6 


•09 ] 


[ 9*6 


•9 18 


B.— Values of FarOiingB, Pence, and SMllixi 


gs in Decimal ] 


iVactiom of a Ponnd. 


Farthings. 




£ 


Shillings. 


£ 


I 




•0010417 


1 


•05 


2 




•0020833 


2 


•10 


3 




•0031250 


3 


•IS 


Penca 






4 


•20 


I 




•004167 


5 


•25 


li 




•006250 


6 


•30 


2 




•008333 


7 


•35 


3 




•012500 


8 


•40 


4 




•016667 


9 


•45 


4i 




•018750 


10 


•50 


5 




•020833 


II 


•55 


6 




•025000 


12 


•60 


7 




•029167 


13 


•65 


l^ 




•031250 


14 


•70 


8 




•033333 


15 


75 


9 




•037500 


16 


•80 


10 




•041667 


17 


•85 


104 




•043750 


18 


•90 


II 




•04« 


5833 


19 


•^^ 



HO 



liEASUBBGL 




.J* 6 6 







M "^ 00 

VO lO M 

M « 00 

COOO 00 

00 CO "^ 

W M • 



00 
00 



CO 
00 

o 

CO 

o 

o 
o 
o 

• 

o 



p 

NO 



IC 
lO 

IC 

o 



H 



B 



o 
pa 



00 VO "^ M O V5 W 

VO VO ►- M CO "^ w 

tjjiTivo On o 00 VO o 
q « VO VO -^ ri-vo 00 

tjMioooo o ovo 

00 VO O '^ '^ w On 



O 

VQ 
VO 
ON 

o 

00 



Iw |M. O |h M O |W « 



CO.t^ lO 
CO t>. lO 
O VO VO 
NOW 

^ M M 

iNiM b 



VO 
00 
00 
VO 

o 



VO 

o 
o 



1^ 



CO 
CO 
VO 

"^ 
o 



CO 

o\ 

CO 

M 

o 

i'm i'm 






QOQ 
M 00 



« "^vo On o looo O 

CO COOO 00 .t^ V5 i^ '^ 

CO o On ►- CO On CO 

CO CO lO iTi CO HI o 

"^ On M On On CO On 

CO onio lO .«^ O M 



.t^ CO lO 

VO « Tf 

On CO CO 

•t^ On .t^ 

'<*- lO C« 
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MEASUBES* 



4. MULTIPLIEBS FOB COKVEBTINa BRITISH AJXD FbEKCH 

Measubesl 





/L"~Mi8trafl 


R^Feet 


Cd— MillimetreB 


IX— iDflhfls 






Into 


into 


into 


Into 






Feet 


Metres. 


Incbes. 


VnUmetresi 




I 


3*2809 


0-3048 


•03937 


25-400 


I 


3 


6-5617 


06096 


•07874 


50*800 


2 


3 


9*8426 


0-9144 


•I1811 


76*199 


3 


4 


I31235 


1*2192 


•15748 


101*599 


4 


5 


16-4043 


1-5240 


•19685 


126*999 


5 


6 


196852 


1-8288 


•23622 


152-399 


6 


7 


22-9661 


21336 


•37559 


177*798 


7 


8 


26-2470 


2-4384 


•31496 


203*198 


8 


9 


29-5278 


2-7432 


•35433 


228*598 


9 


lO 


32-8087 


3-0480 


•39370 


253-998 


10 




E.— Square Metres 


F.— Square Feet 
into 


G.— Square 


H.— Square TncJns 






into 


MillimetroB into 


into Square 






Square Feet 


Square Metrea 


Square Inohes. 


Millimetres. 




I 


10-764 


•0929 


•0015500 


645-15 


I 


2 


21-528 


•1858 


•003 1 00 1 


1290*30 


2 


3 


32-292 


•2787 


•0046501 


1935-44 


3 


4 


43056 


•3716 


•0062001 


2580^59 


4 


5 


53821 


-4645 


•0077501 


322574 


5 


6 


64-585 


•5574 


•0093002 


3870-89 


6 


7 


75-349 


•6503 


•0108502 


4516*04 


7 


8 


86-113 


•7433 


•0124002 


5x61*18 


8 


9 


96-877 


•8361 


•0139503 


5806-33 


9 


10 


107-641 


•9290 


•0155003 


6451-48 


10 




L— Cable Metres 


J.— Cubic Feet 


E.-Cnbic MUlimetrea L.~CaUo InohM 






into 


into 


Into 


into 






Cubic Feet 


Cubic Metrea 


Cubic Inches. 


OaUc Iffillimetres 


■ 


X 


35-316 


•028316 


•00006103 


16387 


I 


2 


70-631 


•056632 


•00012205 


32773 


2 


3 


105-947 


•084948 


•00018308 


49160 


3 


4 


141-262 


•II3264 


•00024410 


65546 


4 


5 


176-578 


•I41581 


•00030513 


81933 


5 


6 


211-894 


•169897 


•00036615 


98320 


6 


7 


247-209 


•I 98213 


•00042718 


1x4706 


7 


8 


282-525 


•226529 


•00048820 


I31093 


8 


9 


317-840 


•254845 


•00054923 


147480 


9 


10 


353156 


•283161 


•00061025 


163866 


10 
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MULEIPLIEBS FDR COKTEXOSQ BbITISH AND EbKETCH 

MsASUBES — cofUinuecL 





M.— Gmnmes 


N.-0rBinB 


OL'— 'fiSognynniBB 


P.-UI& 






into 


into 


Inlo 


Into 






Grmins. 


Qrammna 


JJtm. 






I 


i5'4333 


-06480 


2*2046 


o-453<5 


X 


2 


30-8647 


-12960 


44093 


0-9072 


2 


3 


46-2970 


•19440 


6-6139 


1-3608 


3 


4 


61-7294 


'25920 


8*8185 


1-8144 


4 


5 


77'i6i7 


'33399 


II-0231 


2*2680 


5 


6 


92-5941 


•38879 


13*2277 


2*7216 


6 


7 


108-0264 


•45359 


15*4333 


3*1751 


7 


8 


123-4588 


•51839 


17*6370 


3-6287 


8 


9 


138-891 1 


•58319 


19-8416 


4*0823 


9 


lO 


154-3335 


•64799 


22-0462 


4-5359 


10 




Q.— TomMMZ 


'BL—Tmm 


a-Utoes 


TL— GaDooa 






Into 


into 


into 


into 






TOD& 


ToonflMOL 


GallooB. 


Utraa 




I 


0*9842 


1*0160 


0*2202 


4541 


I 


a 


1*9684 


2*0321 


0*4404 


9*082 


2 


3 


2*9526 


3-0481 


0*6606 


13*623 


3 


4 


39368 


4*0642 


0*8809 


18*164 


4 


5 


4*9210 


5*0802 


I'lOII 


22705 


5 


6 


5-9053 


6-0963 


1*3213 


27*246 


6 


1 


6-8894 


7*1123 


1-54^5 


3x787 


7 


8 


7*8736 


8*1284 


I7617 


36*328 


8 


9 


88579 


9-1444 


1*9819 


40*869 


9 


lO 


9*8421 


10*1605 


2*202 1 i 

W.— Kilommmes 
on tiie Square 


45-410 
X.— Lb& on tiM 


10 




n.— Eflogmnmetres 


y.-.Fboi-LtM. 


Square Inch into 
Eilogremmes 






into 


Into 


Millimetre into Lbs. 






Foot-Lbb 


Knocpcammetres. 


ontibe 
Square Inch. 


on tiie Square 
ICHimetra. 




I 


7-333 


0*13825 


1422 


•000703 


I 


3 


14*466 


0*27651 


3845 


^001406 


2 


3 


21-699 


0-41476 


4267 


^002109 


3 


4 


28932 


055302 


5^9 


•002812 


4 


5 


36-165 


0*69127 


7in 


•003515 


5 


6 


43398 


0-82952 


8534 


•004219 


6 


7 


50*^33 


096778 


995^ 


•004922 


7 


8 


57-865 


I *io6o3 


"378 


^005625 


8 


9 


65*098 


1*24429 


12801 


•006^28 


^ 


IP. 


72-331 


13^254 


14333 


•v>*;qi5;i 


\!^ 
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MSASUBBS* 



MXTI/nPLIEBS FOB CONYERTINa BbITISH ASD FbEVCH 

Measubes — conUnued, 





T.— EflometTM 


Z.— liQM 


AA.— HectuM 


BR— Aaw 






into 


into 


into 


into 






Hilea 


EilometrM. 


AOTM. 


HectftTCft. 




I 


0*6214 


1-6093 


2-471 


0*4047 


I 


2 


1*2428 


3-2186 


4-942 


0*8094 


2 


3 


1-8641 


4-8280 


7-413 


1*2140 


3 


4 


2-4855 


6-4373 


9-884 


1*6187 


4 


5 


3-1069 


8-0467 


12-356 


2*0234 


5 


6 


3*7283 


9-6560 


14-827 


2*4281 


6 


7 


4-3496 


11-2653 


17-298 


28328 


7 


8 


4-9710 


12-8747 


19-769 


3'2375 


8 


9 


5-5^24 


14-4840 


22-240 


3*6421 


9 


10 


6-2138 


160933 


24-711 


4*0468 


IQ 




00.— FraacB 


DD.-£ 


EEL— Fruiofl 


FF.— Pence 






into 


into 


into 


into 






£. 


France 


Pence. 


Fnukca 




I 


•03965 


25*22 


9-516 


0*10508 


I 


a 


•07930 


50-44 


19033 


0*21017 


fl 


3 


•I 1895 


75-66 


28-549 


0-31525 


3 


4 


•15860 


100-88 


38*065 


0*42033 


4 


5 


'I9826 


126-10 


47-581 


05254a 


5 


6 


•23791 


151-32 


57-098 


0*63050 


6 


7 


'37756 


176*54 


66*614 


073558 


7 


8 


•3172I 


201-76 


76-130 


0*84067 


8 


9 


•35686 


226*98 


85646 


0-94575 


9 


lO 


•39651 


252*20 


95-163 


1-05083 


10 



5. CONYEBSION OF VELOCITIES. 





A.— MneB 


B— Feet 


01— Knots 


D.— Feet 






per Hoar into 


per Second into 


into 


perSeocmd 






Feet per 


HUeeper 


Feet per 


into 






Second. 


Hour. 


Second. 


Knots. 




2 


1*467 


0-682 


1-688 


0-592 


I 


a 


a -933 


1*364 


3-376 


I 185 


2 


3 


4*400 


2*045 


5-064 


1*777 


3 


4 


5-867 


a -7 27 


6-752 


2-370 


4 


5 


7 333 


3-409 


8-439 


a -96a 


5 


6 


8-800 


4*091 


10-127 


3555 


6 


7 


10*267 


4-773 


11-815 


4-147 


7 


8 


"-733 


5-455 


13-503 


4-740 


8 


9 


13-200 


6-136 


15-191 


5-332 


9 


^0 


14-667 


6*8ia 


\6-%*i^ 


W2S 


10 
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COKYEBSIOK OF YeLOCITIES — OOVdinU^. 

Angfolar Veloeity'. 

K— Knots into P.— Metres per G.— Toms per H.— Circnlar 

Hetresper Second into Second into Measure into 

Second. Knoteu Circnlar Measore. Tnms per Second. 

X 0*5144 i'944 6'28 0-159 I 

2 1-0288 3-888 12-57 0-318 a 

3 1*5432 ,5*83^ 1885 0-477 3 

4 2-0576 7776 25-13 0-637 4 

5 2-5720 9720 31-42 0796 5 

6 3*0864 11*664 37*70 0-955 6 

7 3-6008 13-608 4398 I -1 14 7 

8 4*"52 15*552 50*27 1*273 8 

9 46296 17*49^ 56*55 1*432 9 
10 5*1440^ ^9*440 62-83 1*592 10 



6. CONYEBSION OF PbESSUBES IN ATMOSPHERES. 



t i .Wl^\ai- 


Lbs. on 


Lbs. on the 


Kilogrammes 


Mimmetres 


Inches 


Feet 


LunOB- 


the 


Square 
Foot 


on the 


of 


of 


of 


iheres. 


Square Incb. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


I 


14*7 


2I16 


10333 


760 


29-922 


33*9 


a 


294 


4233 


20666 


1520 


59*844 


678 


3 


44-1 


6349 


30999 


2280 


89765 


101-7 


4 


588 


8465 


41332 


3040 


119-687 


135-6 


5 


73*5 


10581 


51665 


3800 


149*609 


169-5 


6 


88-2 


12698 


61998 


4560 


179*531 


203-4 


7 


102-9 


I4814 


72331 


5320 


209-453 


237*3 


8 


117-6 


16930 


82664 


6080 


239*374 


271-2 


9 


132*3 


19047 


92997 


6840 


269*296 


305*1 


10 


147-0 


21163 


103330 


7600 


299*218 


3390 
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PART IIL 

RTJLES IN ENGINEERING GEODESY. 

Section L — Eules depending on the Dimensions and Figitrb 

OF THE Earth. 

1. Bank's Prtneipai Dtoieiiaioas (as calculated at the Britisli 
Ordnance Survey Office, and published in 1866.) — Longitude of 
the earth's greater equatorial axis, about 15° 34' east of Greenwich. 
Longitude of th& earth's lesser equatorial axis, about 105° 34^ east 
of Greenwich. 

Ftot Metres. 

Greater equatorial axis, 41,852,700 1 2,756,588 

Lesser equatorial axis, 41,839,944 12,752,701 

Mean equatorial diameter^ 41,846,3122 12,754,644 

Polar axis, 41,706,85ft 12,712,136 

Mean between meaa equatorial ) TTTTTZI .^ ^,, ^^o 

diameter and polar axis, / 4^'77«>>590 ",733,390 

In the presenjb state of our knowledge, calculations of the earth's 
dimeixsions are doubtful beyond the fifth figure. 

2. nuante of i«atiiade. — ^Length on the earth's surface corre- 
sponding to a Boinute of the mean meridian; 

in feet = 6076 ~ 31 cos * 2 latitude of middle of arc; 
in metres = 1852 — 9*4 cos * 2 latitude of middle of arc; 

(observing that cosines of obtuse angles have- their sagns reversed.) 
These formukd are correct, for any meridian, to the nearest foot, 
and to the nearest A of a metre. 

3. HiaBie of Priwo Tertieai (being the great circle perpendicular 
to the meridian]^ 

. jf . 12214 + lencrth of minute of meridian 

m feet = 2_- — = ; 

3 

3723 + leniH^b of minute of meridian 
in metres = — 2_- » ■ ■ 

4. BEinaio of liongiuide.— For its length multiply the length of 
a minute of the prime vertical by the cosine of the latituda 

5. EzpiaaatioB of Table.— The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at intervals of one degree, from 0° to dOP ; — 
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BX7LBS nr ENonnsERma oeodbst. 



Lai 

I 
2 

3 

4 

5 
6 

7 
8 

9 

lO 
XI 
12 

13 

14 

15 
i6 

17 
i8 

19 

20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 

33 
34 
35 
36 

37 
38 

39 
40 

41 
42 

43 
44 

4S ' 



IQiLLoaig. 

. 6086 

. 6085 

. 6083 

. 6078 

. 6071 

. 6063 

. 6053 

. 6041 

. 6027 

. 6012 

. 5994 

. 5975 

. 5954 

• 5931 

• 5907 
,. 5880 

. 5852 
,. 5822 

• 5790 
. 5757 

• 5721 
.. 5684 

.. 5^4^ 
.. 5605 

. 5563 

• 5519 

• 5474 

• 5427 
. 5378 

• 5327 

• 5275 
,. 5222 

.. 5166 

. 5109 

.. 505^ 

. 4991 

. 4930 
.. 4867 

.. 4802 

. 4736 
,. 4669 

.. 4600 

. 4530 
.. 4458 

. 43SS 

43^1 



% Iflapr. T. 


IDalAt 


IDaLat 


IQlLINr. T. 


WMLldrng, 


... 6086 .. 


. 6045 


6107 .. 


.. 6107 ., 


... 


... 6086 .. 


. 6045 


6107 .. 


.. 6107 ., 


.. 107 ... 


... 6086 .. 


. 6045 


6107 .. 


.. 6107 .. 


.. 213 ... 


... 6086 .. 


. 6045 


6107 ., 


,. 6107 •• 


.. 320 ... 


... 6086 .. 


. 6045 


6107 .. 


.. 6107 „ 


,. 426 ... 


... 6086 .. 


. 6045 


6107 .. 


.. 6107 ., 


. 532 ... 


... 6087 •• 


. 6046 


6106 ., 


,. 6107 ., 


.. 638 ... 


... 6087 .. 


. 6046 


6106 . 


.. 6107 ., 


.. 744 ... 


... 6087 •• 


. 6046 


6106 . 


,. 6107 ., 


.. 850 ... 


... 6087 •« 


. 6047 


6105 . 


.. 6106 ., 


. 955 ... 


... 6087 .. 


. 6047 


6105 . 


.. 6106 ,, 


.. 1060 ... 


... 6087 .. 


. 6047 


6105 . 


.. 6106 .. 


.. 1165 ... 


... 6087 .. 


. 6048 


6104 . 


.. 6106 .. 


.. 1270 ... 


... 6087 ., 


. 6048 


6104 . 


.. 6106 .. 


. 1374 ... 


... 6088 ., 


. 6049 ^ 


6103 . 


.. 6106 .. 


.. 1477 ... 


... 6088 .. 


. 6049 


6103 . 


.. 6106 . 


.. 1580 ... 


... 6088 .. 


. 6050 


6102 . 


.. 6105 .. 


.. 1683 ... 


... 6088 ., 


. 6050 


6102 . 


.. 6105 . 


.. 1785 ... 


... 6088 .. 


. 6051 


610I . 


.. 6105 .. 


.. 1887 ... 


... 6089 .. 


. 6052 


6100 . 


.. 6105 . 


.. 1988 ... 


... 6089 .. 


. 6052 


6100 . 


.. 6105 .. 


.. 2088 ... 


... 6089 •• 


. 6053 


6099 . 


.. 6104 . 


.. 2188 ... 


... 6089 .. 


.. 6054 


6098 . 


.. 6104 .. 


.. 2287 ... 


... 6089 ., 


. 6054 


6098 . 


.. 6104 .. 


.. 2385 ... 


... 6090 .. 


. 6055 


6097 ., 


.. 6104 .. 


.. 2483 ... 


... 6090 .. 


. 6056 


6096 .. 


. 6103 .. 


.. 2579 ... 


... 6090 .. 


. 6057 


6095 .. 


.. 6103 ., 


. 2675 ... 


... 6091 .. 


. 6058 


6094 .. 


.. 6103 ., 


. 2771 ... 


... 6091 .. 


.. 6059 


6093 .. 


.. 6102 .. 


.. 2865 ... 


... 6091 ., 


,. 6060 


6092 .. 


. 6102 .. 


.. 2958 ... 


... 6092 .. 


.. 6061 


6091 .. 


.. 6102 .. 


. 3051 ... 


... 6092 .. 


.. 6o6t 


6091 .. 


. 6102 .. 


. 3142 ... 


... 6092 .. 


.. 6062 


6090 .. 


. 6IOI ., 


. 3233 ... 


... 6092 .. 


.. 6063 


6089 .. 


.. 6IOI .. 


. 3323 ... 


... 6093 .. 


.. 6064 


6088 .. 


.. 6IOI ., 


. 3413 ... 


... 6093 .. 


.. 6065 


6087 .. 


.. €lCX) ., 


. 3499 ... 


... 6093 .. 


. 6066 


6086 ., 


.. 6100 .. 


.. 3586 ... 


... 6094 .. 


. 6067 


6085 ., 


.. 6100 .. 


.. 3671 ... 


... 6094 .. 


. 6068 


6084 .. 


,. 6099 .. 


. 3755 ... 


... 6095 .. 


. 6070 


6082 .. 


. 6099 .. 


.. 3838 ... 


... 609s .. 


. 6071 


6081 .. 


.. 6098 .. 


,. 3920 .., 


... 6095 ., 


. 6072 


6080 .. 


. 6098 .. 


,. 400c ... 


... 6096 .. 


. 6073 


6079 .. 


.. 6098 .. 


,. 4080 ... 


... 6096 .. 


. 6074 


6078 ., 


.. 6097 .. 


.. 4158 ... 


... 6096 ., 


.. 6075 




.. 6097 ., 


. 4235 -. 


... 6097 . 


.. 6076 


... ^o^*\ . 


... ^-^T.!. .., 



90. 
89 

88 

87 
86 

85 
84 

83 
83 

81 

80 

79 
78 

77 
76 

75 

74 

73 

7» 

71 
70 

69 

68 

67 

66 

65 

64 

63 
63 

61 
60 

69 
58 

57 
56 
55 
54 
53 
59 
51 
50 

49 
48 

47 
46 
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6. nimire of a Oreat Circle In any Azimnth. — AzimtUh is the 

angle which a given vertical plane traversing a station makes with 
the plane of the meridian of that station. Let m denote the length 
of a minute of the meridian, and p the length of a minnte of the 
prime vertical, at the latitude of the middle of the arc to be 
measured; then the length required 

p + m p-m „ . ., 

= ^— s — - ^--o — • cos 2 azimuth; 

observing, that when the azimuth exceeds 45% the second term 
ef the formula is to be added, instead of subtracted. 

Example I. — In latitude 60°, required the length in feet of one 
minute of a great circle on the earth's surface whose azimuth is 30°. 

p^ ^ 6102 . 6091 ^ 12193 _ ^^^,^^^^ 



p^ m 11 



= 5'5 feet. 



2 2 

X cos 60°= 0-5 



Product to be subtracted, 2*75 



Length required, to the nearest foot, . . . 6094 feet 

Example IL — In the same latitude, let the azimuth be 60°; 
then 60° x 2 = 120°, an obtuse angle, whose cosine is = — cos 
(180° - 120°) = - cos 60° = - 0-5. 

2-i-^ as before, 60965 feet 



Length required, to the nearest foot, 6099 feet 

6a. Contained Arc. — Divide the distance between two stations 
bv the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

7. To llnd tbe Tme Azimnth of a Statlon-Iiine. 

L By the Two greatest ElonffcUions of a Circumpolar Star. — 
Observe the greatest and least horizontal angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of those 
angles, which is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, » Ursse Minoris, is the best. 

This method is seldom practicable with an ordinary theodolite, 
as in general one of the observations must be made by daylight 

IL By equal AUUvdea of a Star. — The tbeodolitft b^isi^ ^ ^ 
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station in the station-line chosen, measure the horizontal angle fircnn 
the station-line to any star which is not near the highest or lowest 
point of its apparent daily course, and take also the auititnde of Uiai 
star. Leave the verticaJ circle clamped, and let the instrameni 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, withoai 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follov 
the star in azimuth with the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires; then measure the horizontal angle between the new 
direction of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line.* 

In both the preceding processes it is to be understood that the 
mean qftux) horizontal cmgles means their half'&u/m when they are 
at the same side of the station-line, but their h^f-diffhrence when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afternoon, or 
vice versd; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's decliiuttion is chang- 
ing towards the •| ^ th i ' ^^ approximate direction of the meri- 
dian, as found by the method just described, is too iax to the 
I ifffc I ' ^® correction required is given by the formnla^t 

change of sun's declination , ... «• 1 •. 
2 X sec • latitude x cosec ^ angular 

motion of sun between the observations. 

III. By One greatest Elongation <^ a Circumpolar Star,^^To use 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sin * azimuth of star at greatest elongation 
= cos * declination -r- cos 'latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (accoixling as the station-line lies to the same side of 

• In observing at night with the theodolite, it is necessary to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

f At the equinoxes, the rate of change of the sun*s declination is about 
59" per hour; and it varies nearly as the cosine of the sun's right 
ascensioiL 
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the meridian with the star^ or to the opposite side) gives the 
azimuth of the station-line.* 

IV. By observing the AUihide of a Skur^ and the HorizoTttal 
Angle between it and the StatumrLine, — The altitude being corrected 
for refraction, the azimuth of the star is computed by taking the 
zenith distance, or complement of that altitude, the polar distancet 
of the stfir, and the co-latitude of the place, as the three sides of 
a spherical triangle; when the azimuth of the star will be the 

* The following is a table of the dedinatioiiB of a few of the more oon- 
spicuons stars for the 1st of January, 1865, together with the annual rate at 
which those declinations are changing, + denoting increase, and — diminu- 
tion: — 

NOBTHEBN HEMISPHERE. 

Stab. NarOi DecUii&tioD. Bate of Axumal Variation. 

a Andromedas,.^ 28° 2(K 42*^ + 19^*9 

a UrsieMinoris ^Pole-Star), 88 35 23 + 19 -2 

tt /^^1pm8,.«»..».»»»—«».««.»..»«.» »»....»«. ^SS 4S7 ^X ^r x/ ^ 

a Ceti, ^ .• 3 33 28 + 14 '4 

a Persei, 49 22 39 +13*2 

a Tauii (Aldebaran), 16 14 6 -I- 7 "6 

a Aurigse (Capella), 45 51 24 + 4 -2 

a Ononis (Betelgeuze), 7 22 43 + 1 *1 

a Geminorum (Castor), 32 10 52 — 7 *4 

a CSanis Minoris (Procyon), 5 34 7 — 8 "9 

/3 Greminomm (Pollux), ».... 28 20 57 — 8 'S 

a Leonis (Regulus), 12 37 32 —17-4 

a Urse Majoris, 62 28 44 — 19 "4 

V Ursa Midoris, 49 69 17 — 18 1 

a Bootis (Arotums), 19 53 12 — 18 -9 

a Ophiudii, 12 39 39 — 2 -9 

a LyrsB (Vea), 38 39 3S +31 

a AquiljB (^tair), 8 30 51 + 9 '2 

a Cygni, 44 47 5S +12 7 

a Pegm (Markab), 14 28 46i5 + 19 -3 

SOUTHERN HEMISPHERE. 

SxAX. South Declination. Bate of Annual Yariatioa 

/d Ononis (Rigel), 8° 21' 38* — 4"-5 

a Columbfla. « 34 8 51 — 2 "2 

u Argfts (Canopus), 52 37 23 + 1 "8 

a Ganis M^jons (Sirius) 16 32 1 +4-6 

a HydwC"..-........- 8 4 31 + 15 -4 

ArgflsT. 58 58 29 + 18 7 

CrSds, 62 20 58-6 +19-9 

Virgims(Spica), 10 27 21 +18-9 

Centauril.......... 60 16 24 + 15 t) 

Soorpii (Antares), 26 7 46 + § 1 

TriMguU Austr^ 68 46 27 + 7 '4 

Pavoms, 57 9 49 -11]^ 

GruisTT. 47 36 46 -17 J 

Pisds Australis (Fomalhaut),... 30 20 13 — 19 t) 



a 



a 
a 

a 
a 



f The polar distance is the complement of the deolinaA^ioiu 
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angle opposite the side representing the polar distance. Tha 
azimuth of the station-line is then to be found as in Method IIL 

Y. Approximate Met/iod by observing certain 

Sta/rs, — In the northern hemisphere a meridian- 4f 

line may be fixed approximately by observing, j 

with the aid of a plumb-line, the instant when j 

the Poie^star A, and the star Alioth (« Urssd ; 

Majoris), appear in the same vertical plane. The j ^ 

Pole-star is marked A in ^g, 36. I ^ 

8. Anrgle between Two IHeridlaiia. — ^Whentwo • ^ ^ 

points on the earth's surface have the same i ^ ^ 

latitude, but difTerent longitudes, the hoiiapntal ^ 

angle made by their meridians with each other is *» -tr tta 
found by the following equation : — *' * 

sin ^ horizontal angle = sin ^ difference <^ long, x sin * lat. 

9. Astronomical Befraction.-^The correction for refraction is 
always to be subtracted from an altitude. It may be found in 
seconds approximately hy the following formula : — 

Kefraction = 58" x cotan apparent altitude. 

For more exact information on the subject, see a paper by tiie 
Rev. Dr. Robinson in the Transactions of the Royal Irish Academy , 
vol. xix. Tables of Refraction are given in treatises on. Naviga- 
tion, such as Paper's. 

Below about 8° or 10° of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. Dip of ibe Sea-Horizon, in seconds= J ^oight of Btationin 
feet) X 57"*4:, nearly. 

11. To find the liatitnde of a Place. 

Method I. By the Mean Altitude of a Gircumpolwr Star. — Take 
the altitudes of a ck'cumpolar star at its upper and lower culmina- 
tions (which positions are knowa by watching for the instants when 
the altitude is greatest and least). From each of those apparent 
altitudes subtiact the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Sta/r. — Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Find the declination of the 
star from the Nautical Almanac (which is published four years ia 
advance.) 

Then if the star is between the zenith and the equator, 

Latitude = Zein.t\i dktdXL<(^ -v- Bedioation ; (1.) 
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If the star is between the equator and the horizon. 

Latitude = Zenith distance — Declination; (2.) 

If the star is between the z^th and the elevated pole, 

Latitude =: Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizon, 

Latitude = 180® — Declination — Zenith distance; ...(4.) 

Method IIL By the SurCa Meridian Al^Uvde, — ^In this method 
the final calculation, from the sun's declination, as found in the 
Nautical AlmaruiCy and the true altitude of his centre, is the same 
as in Method II. But besides the oerrection for refraction and 
dip, the altitude reqtdres to be further corrected by subtracting or 
adding the sun's semidiameter, according as his upper or lower 
limb has been observed, and by adding the sun's parallax, being 
the angle subtended at the sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, from the Nautical Almanac, and 
multiply it by the cosine of the altitude of the sun's centre. 

(The mean value of the sun's horizontal parallax is about 8" '6). 

The sun's semidiameter on the day of observation is to be found 
in the NaiUical Alma/nac, It varies from 15' 46" to 16'. 18", 

The calculation may be thus set down algebraically — 

I" True altitude = apparent altitude — Dip (if the sea- 
< horizon has been observed 
( semidiameter + parallax ; 

Zenith distance ^ 90° — true altitude, (6.) 



-^ horizon has been observed)^-Refraction =±= sun's > (5.) 



Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionally applicable between the tropics; and 
Equation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. The Diirerence of liatitade of two stations near each other 
is best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star as seen from the two 
stations. 

13. To neasare a Baao-lilne for a Sarrejr Approximate! jr, hj 

Ijatiiades. — The stations for the two ends of the base-line should be 
within sight of each other; not less than about fifty miles apart, if 
possible, and as nearlj 83 possible in the aamQ meidd^u. 
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Take the true azimuth of the base-line by Rule 7 ; and, if possible, 
take it fi*om both stations, and take the mean of the resultEf, which 
will be slightly different. 

Take the latitudes of both stations by Rule 11, and the difference 
of their latitudes by Rule 12. The difference should be taken wilib 
the utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide bj 
the cosine) of the azimuth; reduce the angle so found to minatos 
and decimal fractions of a minute; multiply it by the length oo^ 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ); the product will be the required length 
of base, correct to about one-6,000th part of itaeif. 

Example. — Suppose the data to be as follows :— 

Mean azimuth, 30^ 

Mean latitude, 60° 

Difference of latitude, « 50' 

Then,— 

Difference of latitude 50^ R7'.7^k 

cos azimuth *86603 

•X Length corresponding to one minute,") 

as akeady computed in Example 1 of >> 6,094 feet. 

Rule 6, 3 

Length of bas» required, 351,837 feet. 

"Which is correct to the nearest 60 feet, or thereabouts. 

14. To B«dnce an Elerated or Pcpr ta a cd Base to the lierrl 

of the Sea. — Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
radius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed. (Earth's mean 
radius, accurate enough for the present purpose; 

20,9.00,000 feet, or 6^3t0>000 metres.> 
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Section II. — Scales for Plans and Sections. 

1. Plans. 



Ordinary DeRignation 
of Scale. 



(1.) linchtoamfle^.. 

(2.) 4 inches to a mile, 
(3.) 6 inches to « mile^ 



Fraction of 

real 
Dixnensiona. 



(4.) 6*336 inches to a mile, .. 



(5.) 400 feet to an inch,. 



(6.) 6 chains to an inch,, 



(7.) 16*84 inchesto a mile,... 

(8.) 6 chains to an inch, or ) 
16 inches toan^ ] 



(9.) 25*844 hiches to a mile, 



(10.) 200ftetto«nliiob,. 



63,360 

1 

15,840 

1 

Im55 



10,000 

1 

4,800 



4,762 
1 

4,000 

1 
8,960 




2,400 



Ubcl 



Scale of the smaller ordnance maps of 
Britain. This scale is well adapted 
for maps to be need in exploring the 
oonntty. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scale of the larger ohlnance maps of 
Great Britain and Ireland. This 
scale, being just large enough to 
show boildings, roads, and other 
important oljects distinctly in their 
tme forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines for engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Dedmal scale possessing the same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders <^ parliament for "en- 
huged plans" of buildings and of 
land withhi the curtilage of buildings. 

Scale answering the same purpose. 



Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 
lai^^ parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament' for **cro8s 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britidn, firom which the 
maps beforementioned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law for . 
land oc woSsxwX ^Aasa Vdl \vSa&s^« \ 
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Ordinary Designation 
of Scale. 



(11.) 3 chains to an &i<b,..».. 



Fracti(mof 

real 
DimensioiUL 



(12.) 100 feet to an inch, 

(13.) 88 feet to an inch, or ) 
60 inches to a mile, ) 

(14.) 63*36 inches to a mile,.. 

(15.) 44 feet to an inch, or ) 
120 inches to a mile, { 

(16.) 126*72 inches^to a mile> 



(17.) 30 feet to an inch,. 



(18.) 20 feet to an inch,. 
(19.) 10 feet to an inch,. 



2,376 

1 
1,200 

1 
1,066 

1 

1,000 

jj_ 

628 
1^ 
500 
_1_ 
360 
J_ 
240 

J_ 
120 



Use. 



Scale of the Tithe CommissioiierB^ pUni. 

Suited for the same purposes as the 

above. 
Scale suited for plans of towns^ when 

not very intricate. 

Scale- of ordnance plans of the less in- 
tricatelf^ built towns. 

Decimal Scale having the same pro- 
perties.. 

Scale of ordnance plans of the wan- 
intricately built towns. 

Decimal scale having, the same pro- 
pertiesa 



Scalesfor spedal pnrpoaesL 



2. SscnoNS. 



Ordinary Desii 
of Vertical ' 



,tion 
e. 



(1.) 100 feet to an inch. 



Fraction 
of real 
Hei^t 



(2.) 40 feet to an inch, 



(3.) 30 feet to an inch, 
(4.) 20 feet to an inch. 



1,200 



1 

480 



L 



360 

1 

24Q 



Horizontal Scales 

with which the 

Vertical Scale is 

osnally combined. 



1 ^ 1 

to 



15,840 10,560 



1 to * 



4,800 3,960 



to 



3,960 2,376 
1 1 



to 



3,960 2,376 



Exag- 
geration. 



From 
13*2 to 8*8 



10 to 8-25 



11 to 6*6 
16*5 to 9*9 



Use. 



Smallest scale pennil- 
ted by the standing 
orders of parliament 
for sections of pro- 
posed works. 

Smallest scale permit- 
ted by the standing 
orders of parliament 
for cross sections, 
showing alteiatiaDS 
of roadsL 



Scales suitable for 
working sections. 
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Vertical sections, on a large scale f say j^ or tst:)* and unth' 
out exaggercUionj are required at the sites of special work& 

Section IIL — ^Bxtles BELATma to Subveyiko. 

1. Chaining on a I^cliriCy — ^Bednctioa t» the ]>TeL — The 

correction is always to be subtracted from the distance as mea- 
sured. 

When the angle of inclination has been measured by a " clino- 
meter" or other angular instrument: — Correction in links per 
chain == 100 x versed sine of inclination. 

When the vertical fall in links for each chain <^ distance on the slope 

is known : — Correction in Hnks per chain = 100 — JlOfiOO — fidl*. 

fall* 
When the slope is gentle: — Correction in links. per chain = -^Twr 

nearly. 

1a. Expansion of ncannpins Bods and Chains. — ^Increase of length 

by an elevation of temperature of 100® Cent. = 180® Fahr. : — ^brass, 
0-00216; bronze, 000181; copper, 0*00184; wrought iron and 
steel, 00012; cast iron, OOOll; platinum, 0-0009; glass, 0-0009; 
dry deal, 0-00043. 

2. To Set Ont a Bight Anglo hy tho Chain. — Choose any two 

numbers; take the sum of their squares, the difference of their 
squares, and twice their product; those three numbers will be pro- 
portional — the fbst to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which is to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuse, 2^ + 1* 
= 5; legs, 22-1 = 3, and 2x2x1 = 4. Thisisthe 
most generally usefiil right-angled triangle. Other 
examples: 13, 12, 5; 25, 24, 7; 17, 15, 8; 29, 21, 
20; &c 

3. Tie-iiine. — In a chained triangle, ABC, ^g. 
37, to find the length of a tie-line, A D. By calcu-. 
lation, 

AD =y {A^I^^^^ll^-BDODl 

or by construction, draw the triangle and measure «^ '«y 

A D on paper. The measurement of A D on the 

ground is a check on the accuracy of the measurement of A B^ 

BC,CA. 
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4. To neasmre Ckips in 8iaii«a-IjiBe« hf the Cliala 

Case I. — When tJte obstacle cam he chained round. 

KuLE I. (see fig. 37.) — A and D being marks in the etatioii- 

line at the nearer and further sides of the obstacle, set out a triangle^ 

A B C, of any form and size that will conveniently enclose the 

obstacle, subject only to the conditions, that B and C 

are to be ranged in one straight line with D, and that 

the angles at B and C are neither to be very aoiite 

nor very obtusa Measure with the chain the lengths 

' A B, A C, B D, D C, and find the length of A D asa 



tie-line (Article 3.) 



EuLE II. (see ^g, 38.) — Let A and D be marks at the 
nearer and further sides of the obstacle respectiTely. 
Bange A B, D C at right angles to the station-line; 
make those perpendiculars equal to each other, and dt 
Fig. 88. ^^7 length that may be requisite in order to chain past 
the obstacle along B C^ which will be parallel and equal 
to A D^ the distance required. 

BuLE III. (see fig. 39.) — ^Let h and c he 
„r I points in the station-line at the nearer and 

^Fi further side of the obstacle respectively. From 
Vs^A ^.*'''» a convenient station, A, chain the lines A 6, 
V^><.^^ \ Ac, being two sides of the triangle A 6c; 
^ *^^^j connect those lines by a line, BC, in any 
composition which will form a well-conditioned 
triangle, ABC, of as large a size as is 
practicable : measure its three sides. Then 
Fig. 39. the inaccessible distance is given by the 

formula, 

h. . /I Km K^ (A6 + Ac)2-.(A6-Ac)2 

(AB2 + ACS - BC2).l 

The same formula applies to such positions of the connectiiig Une 
as B' C and B" C" as well as to BC. 

If A B and A C can be laid off so as to be respectively piopop* 
tional to A 6 and A c, the triangles ABC and A & c become 
similar, BC is parallel to 5c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 
CLlsjs II. — Wh/w» \X ie impossible to dvouva Toimj <^ o&atoe^ 
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1 

Fig. 40. 



Rule IY. (see fig. 40.)— -Let b and c be marks 
in the station-line at the nearer and farther side 
of the gap respectively. On the nearer side of the 
obstacle, range the stations A and B in a straight 
line with c, malring the angle 6 c B greater than 
30°, and place them so that the intersecting lines 
A 6, 3 a, connecting them with two points, a and 
by in the station-line, shall form a pair of triangles, 
a 6 0, A B 0, with no angle less than 30°. Mea- 
sure the sides of those triangles, and compute the 
inaccessible distance 6 c as follows : 

ab'Ab'BG 
**""CAaB— A6BC 

As a check upon the position thus found for the point c, com- 
pute also the inaccessible distance B c as follows : 

AB ttB'6C 

^^-CaAb—aB'bCf 

This problem is solved graphically by plotting the figure ab 
c A B C a, and producing a b and A B till they intersect in c 

Rule V. (see ^g, 41.) — ^When the inaccessible 
distance BD does not much exceed three or four 
chains. At B set out BC perpendicular to the 
station-line, and of a length such as to make the 
angle at D not less than 30°. At range CA 
perpendicular to C D, cutting the station-line in A. 
Measure A B, B C; then 



BD = 



BC2 
AB- 




Fig.4L 

When tmgtUar vrutruments are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5. MeasariBs Areas of iiand. — ^Almost all areas of land are made 
ap of parallelograms, trapezoids, and triangles (see Rules at page 
63), with the addition or subtraction oi stnps contained l^etween 
straight station-lines and irregular boundaries (see Rules for " Any 
Plane Area^** pp. 64 to 67.) For Land Measures, see p. 95. 

6. RefcreBces to Bales of TrlgOMOoietry. — ^The following are the 

rules of trigonometry chiefly used in surveying by angles : — 

For Plane Frianglea; 1, 2, page 53; and sometimes 3 and 4, 
pp. 53, 54; and 6, page 55, 

For Triangles so large as to be sensibly spherical; the rule for 
spherical excess, page 55} and the apptoxiina.^ tq^ss^ 
page 58. 
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The three angles of ereiy tnan^ should be measured, if poasitle^ 
as a check upon aocoraoj. 

theodolite cannot be planted cocactly at a 
station in a trigoncmetrical survey, hut 
has to be pkoed at a short dktaBoe to one 
side of i<^ the angle actoally measured 
between two objects is reduced to the an^ 
which wonld have been measured had tlie 
theodolite been exacU y at the station, by a 
correction which is calculated approzi- 
-gy, ^2 mately as follows : — 

In fig. 42, let G be the station, D the 

position of the theodolite, A and B two objects; A D B tibie hon- 

zontal angle between them as measured at D; A O B the respired 

horizontal angle at the station 0. 

Measure CD, and the angle ADC; calculate AC and CB 

approximately as if A C B were equal to A D B; then 

ACB = ADB-206264-.8Cd{?5^-^5|»C| 

The above formula gives the correction in seconds when D lies 
to the right of both C A and C B When it lies to the left of 
C B, sin B D C changes its sign; when to the left of C A, sm 
ADC changes its sign. 

8. BedHCtiMi of Seztaat-AiiClea to the I«eTeL — ^To find with a 

reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find tbe 
zenith distcmce of each object by subtracting its altitude from, or 
adding its depression to, 90°. 

In fig. 43, let O represent the observer's station; O B, O C the 
^ directions of the objects; B O C the angle between 

them; O D E a horizontal plane; DOB and EOC 
the altitudes of the objects; O A a vertical lin^ and 
A D E a spherical sur&ce. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and A C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
to the angle A, may be computed by the proper fonnula. (See 
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9. DeienMiHiac Stations Afloat. — In ^g, 44, let D be the station 
afloat whose position is to be determined; and A, B^ 0, three 
known fixed objects, or landmarks, which 
ought not to be in or near the circumference 
of one circle traversing D. With a sextant 
(or, better still, with two sextants) measure 
the angles A D B, B D C ; if practicable also, 
with a third sextant, measure the angle 
ADCrnADB + BDG, as a check on the 
accuracy of those angles. Then to plot the- 
position of D, let A, B, and C be shown on 
the plan. From A draw A E, making the 
angle C A E = C D B: from C draw C E, 
making the angle A C E = A D B, and cutting A E in E : 
through the three points A, C, E describe a circle : through E 
and B draw a straight line cutting the circle in D ; D will be the 
required station on the plan. 

Or otherwise, — On a piece of tracing paper draw three straight 
lines radiating from one point, so as to make with each other 
angles equal to A D B and B D 0. Lay it on the plan, and 
shift it about till the three lines traverse A, B, and C respectively; 
the point from which they diverge b^g pricked through on the 
plan, will give the position of D. 

In the instrument called the station-pointer, three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc, answer t£e purpose of the 
three lines on the tracing paper. 



Section IY. — Bules KELATma to Leyellinq and Soxtnting. 

1. Conrectton for Carratare aad Reffactlon. — The correction for 

the earth's curvature, to be subtracted from the reading of a 
levelling-stafT, is found as follows : Divide the square of the dis- 
tance from the level to the sta£f by the earth's diameter (41,800^000 
feet nearly, or 12,740,000 metres nearly). 

Or otherwise, — ^Take two-thirds of the siquare of the distance in 
statute miles for the correction in feet. 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On an average it may be taken at one- 
sixth of the correction for curvature. 

Correction for curvature and refraction combined, to be svhtracted 
from the reading on the staf^ — average value about 

B I = 0*56 foot X (distance in statute miles)^. 

6* Earth's diam. 

2. liereiiJiig by Al^(1«M— This process is appiosim&tA Qxi^« 
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BuLE I. — Find the distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres-* 
siou of the lower object as seen from the higher. (These are <^ed 
recvprocal angles.) Take the half sum of those angles, and by its 
tangent multiply the horizontal distance between tiie objects : the 
product will be their difference of leveL 

Rule II. — When one angle only can be taken, it must be cor- 
rected for curvature and refraction. The correction for curvature 
to be added to altitudes aod subtracted from depressions is one- 
Jwlf of the contained wrc; which oorrdxiwMd a/rc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is unoeitain; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by onerdxth of its amount. 

3. ii«TeUing by the Barometer. (Approximate Only). — ^Let the 
quantities observed be denoted as follows : — 

Temperatorea of the 

Heights Mercory, by Air, by 

Stations. of Mercurial ** attached" ** detached** 

column. Thennometer. Tliennometer. 

Higher, h t if 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahrenheit's scale, 

= 60360 1 log. H — log. h — -000044 (T — <) } . (l + ?l±|^rii*); 

and for metres and the Centigrade scale, 

= 18400 1 log. H— log. A.--00008(T — <) } Yl +^j^. 

Common logarithms are used in both formulse. (See page 303.) 

In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows : — 

difference of level for feet and Fahrenheit's scale, 

„,„-H-A'/, T' + <' — 64\ 
= 62428 2^/(^1+ —ggg—j; 

and for metres and the Centigrade scale. 
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4. lierelling hf iIm Boiling-point of Pnre Watcv. — ^Let boiling- 

point = T. Calculate z as follows : for feet and Fahrenheit's scale^ 

« = 517 (212^— T) + (212° — T)2; 

or for metres and the centigrade scale, 

« = 284 (100^ — T) + (100°— T)2; 

the difference of the values of z at two stations will be their 
difference of level, nearly. 

5, Bednction of Sonndings. — Take the difference between each 
sounding and the height of the surface of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

the datum. 

In the absence of direct observations of the tide, the height of 
the sur£Eice of the water above the datum may be calcidated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
fall of the tide, and multiply the quotient by 180°j this gives the 
tidal cmgle. Multiply the cosine of the tidal angle by half the 

total rise of the tide ; the product is to be "! , .* ted f i *^® 

height of the mean tide-level above the datum, according as the 

tidal angle is { ^^ } . (See page 53, line 2.) 

Duration of the rise or fall of tide on an open coast, about 6h. 
12m. In narrow chaxinels the duration of the rise is less, and that 
of the fisdl greater. 

Section V. — ^Rules relating to Setting Out. 

1. Setting Ont Centre lUnee of Ballwaf Cwrfca. 

Rule I. (see %. 45)l — To 
find the radius of a circular 
arc which shall touch succes- 
sively three given straight lines, 
BD, D B, EC. Measure the 
middle straight line D E, and 
the acuie angles at D and E 
Then Fig. 45. 

tan -^ + tan ~A. 
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Rule IL— To find the points of contact, B, F, 0. 

DB = Dr = radiusxtan-^; EF = EC = radiua xtan^. 

EuLE III. — To calculate the lengths of the arcs BF and FG. 

B F = radius x circular measure of D. 

F C = radius x circular measure of £. 

(Circulai' measure = angle in minutes x 0*0002909 

= angle in degrees x 0*017453; 
see also pages 39 and 41 .) 

BuLE lY. — To calculate the angle subtended at any station in 
the circumference of a circle by an arc of that circle of a given 
length; divide the length of the arc by the radius^ and mmtiplj 
the quotient by 1718*873; the product will be the angle at the 
circumference in minutes : or^ otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 2 for the angle at the circumference. 

If the station is at one end of the arc, the angle in qnestion is 
that between the tangent and the chord of the ara 

BuLE Y. — To calculate approximately the chord of an arc of a 

^ven length in a circle of a 
given radius; from the length 
•of the arc subtract the cube 
of that length, divided by 24 
times the square of the radiua 
BuLE VL — To set out a 
circular curve of a given 
radius touching two given 
straight lines in given points, 
B, C, fig. 46. 

It is convenient (though not 
Fig. 46. always necessary) to find the' 

mid(Ue point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay off 
the distance, — 




A D = r • f cosec y— 1 ) j 



then will D be the middle point of the curve. 

The points B and C (and also D, if marked) should be marked 

by stakes, distinguished in some way fix)m the ordinary stakes, 

which are driven all along the centre line of the proposed railway 

at equal distances of one chain, or 100 feet, or some other uniform 

dhtance. 
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Any one of the points B, C, or D will answer as a station for 
the theodolite in ranging the curve. When the length of the curve 
exceeds about half a mile, the middle point, D, is the best station 
as regards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencement, B : — 

For brevity's mke, the distance between the stakes which mark 
the centre line of the proposed railway will be called " a chain," 
whether it is 66 feet, 100 ieet, or a greater distance. 

Let 0, in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve; the distance B 1 
from the commencement of the curve to the first stake in it will be 
the difference between one chain and o B. The angle at the cir- 
cumference subtended by the arc B 1 having been calculated by 
Kule lY., is to be laid off by the theodolite from the tangent 
B A, the zero-point of azimuth being directed towards A The 
line of oollimation will then point in the proper direction for 
the first stake in the curve, 1 ; and its proper distance from B 
being laid off by means of the chain, its position will be deter- 
mined at once. 

The angles at the circumference subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, &c., being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, &c,, which are 
at the same time to be placed successively at uniform distances of 
one chain by means of the chain* 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance ; but should curves occur of unusually short radii, calcu- 
late the proper chord by Kule Y., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the theodolite at D, or at any 
other intermediate point in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A ; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in ^g, 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and C, any stake which has 
already been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of ofisets, for which see page 137. 
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BuLE YIJ. (see ^g. 47). — To set out a circular curve of a given 

radius^ r, touching two given straight lines, A B, AG, when tbe 

j^ point of intersection of those lines. A, is 

inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the two 
tangents. The position of the ^rofuwrMi 
D E is arbitraiy; but it is oonvenient so 
to place it that it will cut the proposed 
p. ^y ^ curve in two points, which may be detei^ 

* mined, and used as theodolite stations. 

Measure the angles A D £, A E D, which may be denoted bj 
D and E Then the angle at A is 

A = 180^-D-.E; 

AD = DE.^!^;AE = DE>^; 

smA smA 

A A 

D B=:r*cotan-^ — AD; E C = r • cotan -5- — AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged horn 
either of those stations as in Bule Y I. 

But it is ofben convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of inteiseo- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11): — 

Let E be the point on the transversal, midway between H and E. 

If B D = C E, the point F is at the middle of D E If B D and 
E are unequal, let B D be the greater; then the position of f is 
given by either of the two following formulae : — 

-^_ BE , BD2-CE2 __ DE BD^-CE^. 
DF = -2- + -^]^-i EF= 2 2DE 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

FH = FK= ^(DF2-BD2)= J{E'F^ -CW). 

The point G- in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG = r~^r2~FlP. 
Tbe angles subtended at tlie centre ^i tLe curve bv the several 
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arcs between the commencement B and the points H, G, K, C, are 

as follows : — 

F H 
Angle subtended at the centre by B H = D — ai-c 'sin . 

— — — — BG = D; 

FH 

— — — — BK = D + arc*sin : 

— — — — BC=D + E; 

and the length of any one of those arcs may be computed by means 
of Kule IIL 

BuLE VIII. — ^To set out a circular curve touching two given 
straight lines, when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curve are to be determined and marked as in Bule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground ; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Bule 
YII., and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chaining backwards from that station. 

Bulb DL— ^To set out a circular curve by oSsets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 

curve ; A B the prolongation of the 

straight line (being a tangent to the 

curve) ; and B the end of the chain when 

laid along that prolongation from the 

last stake in the sti*aight line. Plant 

a small pole at B, calculate the offset Fig. 48. 

AC^ 
B by the formula B C = « — ^-, — : shift the end of the chain, 
^ 2 radius' 

and the pole along with it, sideways from B to C, keeping the 

chain tight, and leave the pole at C. 

Drag the chain onward in the prolongation of A C; range a 

pole at D in a straight line with A and C, and 8i.t oii<^ cX^^aixL^ ^^s^ 
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tance from C; slaMt the pole «nd the end of the chain through the 

offset D E, calculated by the formula, D E = ^ ^.. — . 

Drag the chain onward; range a pole at F in a straight line 
with C and E, and at one chain's distance from £; shift the pole 
and the end of the chain through the ofl^t F G, calculated by the 

formula F G i= —j: — ; leave the pole at G, and repeat the same 

pi*ocess for the rest trf the curve. 

This method is clumsy and tedious as a means of ranging curves; 
but it is very useful for testing the uniformity of ctirvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

KuLE X. — ^To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
instruments. It depends on the following relation between the 
versed sine of an angle B and that of its haSf: 



^i=^-V^- 



»^««,» - , , versin B 

versin 



To apply this principle, let 

B A, C A, i^ ^ 4^9 ^ ^0 ^^ 
tangents, and B and C the ends 

'of the curve, so placed that A B 

and A C shall be equal, but 

leaving the radius to be found hj 

^«' *^« calculation. Measure the chord 

BC. 

To £uid the radius, bisect B C in E, measure A E^ and make 

ABBE 




radius = 



AE 



Calculate the versed sine of the atigle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows:^ 

AB - BE 



versin B = 



AB ' 



and by means of the first formula of the rule (usong a table of 

B B B 

squares, if one is at hand) calculate the versed sines of -5-, — , -^, 

&c., in succession, observing that versin B enables one intermediate 

B B 

point in the curve to be foimd, versin -g, three points, versin p 
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seven points; and generally, that versin -^ enables 2" +* — 1 in- 
termediate .points in the curve to be found. 

From the middle, E, of the chord B C, aud perpendicular to it, 
lay ojff the offset E D = r versin B ; D will be the middle point of 
the curve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perpendicular to t&em, lay off the offsets 

"P 
H K = I L = r versin -^; 

K and L will be points in the curve, midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by poles. 

Then chain round the curve as ranged by the poles, and drive 
stakes at equal distances apart. 

The uniformity of the curvature may be finally checked by 
KulelX. 

2. Cant of Bails of a Cnnre. — ^Divide the square of the greatest 
ordinary speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32] 

For speed in miles per hour and radius in feet, 15; 

For speed in metres per second and radius in metres, 9-8. 

Multiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 

Ft In. Metres. 

British narrow gauge, 4 8J = 1-435 
British broad gauge, 7 = 2*134 
Irish gauge, . . 5 3 = 1*600 

Half of the cant should be given by raising Hke outer rail above the 
level of the centre line, and half by depressing the inner raiL 
Examples of cant in feet for 40 miles an hour:: — 

Ckitige. 
Ft In. 

4 8^ .- 500 -f- radius in feet. 

5 3 ••• 560 -T- radius in feet 
7 ... 747 -T- radius in feet. 

Additional cant for cylindrical wheels at speeds not exceeding 12 
miles an hour, 600 feet -r- radius in feet. 

3. To Sase Changes of Cnrratore (Froad^S Method), 

Begin by ranging the centre line as a series of straight lines and 
circular arcs, by the rules of Article 1 of this Section. Calculate 
the cant of each curve by the rule of Article 2. 
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EuLE I. — Compute the several changes of cant at the jtinctions 
of curves with straight lines and with ea^ other^ observing that 
the change of cant between a straight line and a curve is simply 
the cant of the curve ; that if two adjacent curves are curved in 
the same direction, the change is the difference of cant; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multiply the greatest change of cant by 300; the product will he 
the length of the cii/irve of adjfoet/fMfnl, 

BuLE II. — Compute, for each circular arc of the series, the Mfi 
as follows : — 

Shift = (length of curve of adjustment)* 4- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, in 
iig. 50, let A B, £ C be a pair of consecutive circular arcs, marked 




^g. 60. 



by poles, and joining each other at their point of contact, R Let 
B E, B F be the sMfis proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D E, F G, 
having a gap between them at £ F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

Rule III. — Set out the " curve of adjustment " I H K as follows :— 
For its middle point bisect the gap E F in H. Fbr Jts ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Rule I. For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
to the cubes of the distances from K. 

Let a denote the length I K of the curve of adjustment; 
b, the gap E F, or sum oi t\iQ ^tkifte', 



Formula for ordinates^ y = iyy*:^,c^\z = '000,001,11 a:*. 
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o;, the distance, measured on the circular arc, of any point 
from I or from K, as the case may be; 
the ordinate; then 

46{b8 

Example. — A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet -^ 1,320 = -3788 foot; 
Length of curve of adjustment, a = '3788 x 300 = 113*6 feet; 
Shift for circular arc = (113-6)2 j 24 x 1,320 = -407 foot; 
(As the arc is to join a straight line, this is also = the gap 6.) 

4 X -407 ^ 
(113-6)^ 

Bule IV. — To connect a circular arc and a straight line, or two 
circular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig^ 50 illustrates the case where two arcs 
curved in reverse directions are to be connected; ^^, 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by first finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let £ 
and F be the pair of points thus 
found; measure the gwp E F, then ^^' ^^' 

calculate the half -length of the cwrve of OidjustTMnt by means of the 
following formula, in which r and i* denote the radii of the arcs to 
be connected : — 

the sign + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -i- / is to be made = 0; so that the 
formula becomes 

EI = FK=: JWWTT. 

The curve of adjustment is now to be set out by ordinates, as in 
Rule IIL 

4. BNadth •€ Vormatioii •£ a Baiiwaf • — ^The following are ex- 
amples :— > 
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Single Line. gSS^ 

Ft In. 

Clear space outside of rail, 4 o 

Headoirail, o 2^ 

Gaace, »..• 4 8^ 

Head, of rail, o 2\ 

Clear space, outside of rail, 4 o 

Least breadth of top of ballast ; and ) 

least width admissible for archways, > 13 I i. 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( fp^Q. ^ *q| ) 

benches beyond them, on em- < . i .qJ 1 

bankments, • , ( ' ^^ 

Total breadth of top of embank- ) fronv 1 7 o | 

ments, ( to 22 o( 



Trlfih 
Gangs. 


BRWd 

Gftiige. 


Ft In. 


Ft In. 


2\ 


4 
2\ 


2i 


7 

2\ 


4 


4 



13 & 



4 4r 



18 o 



IS 5 



9 2 



24 7 



"nnrmTP TiTVit Narrow Wah Broid 

Ft In. Ft In. Ft In. 

Clear Space ontside of rail, 40 40 40 

Head of rail, — o 24 o 2i 02^ 

Gauge, 4 84 53 2 

Headofrail,^ o 24 o 24, o 2\ 

Middle space (called the ''sixfeet;') 60 60 60 

Head of rail, o 24 o 24 o 2t 

Gauge, 4 84 S3 7 0, 

Head of rail, . o 24 02^ o 2i 

Clear space outside of rail, 40 40 40 

Least breadth of top of ballast; and) 

least width admissible for archways, > 24 3 25 4; 28 10 

&C., traversed by the railway, -«.. } 

Spaces for slopes of baUast and ( a.^--. ^ q ) 

trenches beyond them, on em- -{i^ lof 4^ 9* 

bankments, ( " ' 

Total breadth of top of embank- J from 28 o ) ^00 18 o 

ments, | to 33 o( ^ ^ 

Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimum spans 

shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet. 

5. Breadths of Slopes of Sanhwork. — ^Let h denote the Central 
depth of the piece of earthwork, whether cutting or embankment; 

b, the half-breadth of its base, or formation; 
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8y the rate of slope ^i the earthwork; that is, 8 horizontal to 1 

vertical; 
r, the rate of sidelong slope of the natural ground, if any; 

that is, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork. 

Case I. — In ground level across, B = « ^ 

Case II. — In ground that slopes away from the base^ 

r — 8 \ r/ 

Case IIL — In ground that slopes towards the base,^ but without 
intersecting it; 

r + « \ rj 

Case IY. — ^In ground that intersects the base between the centre 
line and the edge of the earthwork, 



r - 8 \r / 



Section YI. — Bxtles bblating to Mensuration of Earth 

WORK 

1. 8ecU«ma ArcM •€ Eanliw«rk— -Figs. 52, 53, and 54 repre- 

fl- C g B 





Fig. 62. Fig. 58. 

sent examples of cro88'8ection8 of pieces of earthwork, in each of 
which D E is the base, A B the 

natural surface, and D A and E B ^ '- 

are the slopes. 

Figs. 52 and 53 represent cut- 
tings; to represent embankments, 
conceive them to be turned upside 
down. 

Fig. 54 represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q D A, in embankment 

Xhe following are the symbols used in the roles ;^- 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 
Slope of the earthwork, ^(horizontal) to 1 (Tertioal). 

Half-breadth of base, D F = F E = 6. 

Central depth, C F = h. 

Area of cross-section, A. 

In many measurements of earthwork having sections such as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = A -n— =^ 

8 

To find k by direct measurement in a longitudinal aeotum of 
earthwork, draw a line parallel to the formation line of the work^ 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the sur&oe of 
the ground will be augmented depths. 

BuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = »^?-.~ 

Or othenmse, — 

BuLE Ia. 

A = rectangle D G H E + 2 triangle A D O = 2 6 A + «&<. 

BuLE II. — ^When the ground has an uniform sidelong slope, not 
intersecting the base, as in ^g. 53, 

A = triangle A BK - triangle BE K=-2?^;^-^* - - . 

BuLE III. — ^To find the augmented depth in ground level acroes, 
of a cross-section of earthwork equal to a given cross-section inside- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in fig. 53, piu:allel to D E, draw A M 
and B P, cutting the vertical centre line in M and P j then make 

Jt!= ^(KM-KP); 

and the area may be found by Bule I., as follows :-*- 

A = «*^-- = «-KM-KP-.-. 

8 8 • 

BxTLE lY. — ^When the ground has a sidelong slope intersecting 
the base at Q, in fig. 54. Let A' be the larger and A" the smalls 
division of the cross-section. 

A- = triangle Q E B = 1^^; 
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A'' = triangle Q D A = §^1^. 

2 (r " 8) 

2. T«lames or <|naiitlUes of Sanhwork. — ^HULB I. — ^WheiL a 

series of equidistant cross-sections are given, see p. 72, Article 5; 
also the rules there referred to. A, B, C, pages 64 to 66. 

Bulb II. — ^When the piece of earthwork to be measured is a 
" prismoid," as shown in page 74, fig. 12, use the rule given in 
that page below the figure. 

The most simple algebraical expression of that rule, as applied to 
the present case, is as follows : — ^The prismoidal piece of earth to 
be measured is to be considered as formed by a wedge of a cross- 
section such as A B K in fig. 52 or fig. 53, £rom which is taken 
away a wedge of uniform cross-section such as D E K. 

Let X denote the length of the piece of earth; Aj^ and Atj, the 
values of the cmgmented depth C K at its two ends; then, 

Tol«n« = «• { g^;^ ■ (e 4. (4, * tj> + «) - ^ } 

The last formula is specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becomes Bmiply=«. 

The quantity in brackets by which the length x is multiplied is 
the mean sectional area. 

If the measurements are in feet, the preceding rules give 
quantities in cubic feet. To reduce these to cubic yards divide 
by 38 = 27. 

Rule III. — ^When earthwork on sidelong ground occurs on a 
sharp curve. By the rules of pages 142, 143, calculate the half- 
breadths (A L, B K, ^g. 53) required for the two slopes; take 
their difference, and divide it by three times the radius of the curve ; 
the quotient is to be added to or subtracted from 1, according as 
the greater half-breadth lies from or towards the centre of the 
curve. The result will be a factor by which the area A B K in 
fig. 53 — ^that is, the first of the two terms of the formula in Bule II., 
rage 144 — is to be multiplied. From the product subtract the area 
& E K; the remainder will be an area modified for curvature; 
then proceed as in Kule I. of this Artidei 
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PART IV. 

RULES AND TABLES RELATINO TO DISTRIBUTED 
FORCES AND MECHANICAL CENTREa 

1. Speciflc Orarity (as stated at page 102) is the ratio of the 

weight of a given bulk of a given substance to the weight of the * 
same bulk of pure water at a standard temperatura £a Britain 
the standard temperature is 62® Fahr. = 16** '67 Cent. In France 
it is the temperature of the maximum density of water = 3^*94 
Cent. = 39°-l Fahr. 

In rising from 39®*1 Fahr. to 62® Fahr., pure water expands in 
the ratio of I'OOlllS to 1; but that di£ference is of no conseqaence 
in calculations of specific gravity for engineering purposea 

Rule I. — To find the specific gravity of a solid body that is 
heavier than water approximately^ by experiment. Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the loss of weight when immersed (or buoycmcyy, 
the quotient wUl be the specific gravity. 

Rule II. — When the body is lighter than water, weigh it in 
air; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body separately, in air and 
in water. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as befora 

Rule III. — To find approximately the specific gravity of a 
liquid; weigh some convenient solid body in air, in pure water, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the buoyancy in water; the quotient ^loU be 
the required specific gravity. 

Rule IY. — To find approximately the specific gravity of a aoHd 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, and whose specific gravity is known ; 
divide the weight in air by the buoyancy in that liquid, and 
multiply the quotient by the specific gravity ei the liquid. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinary 
practical purposes the error bo occa^win^^iV^ Yccm^&teiial. 
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2. The KcaTtaeM of any substance (as stated at page 102) is the 
weight of an unit of volume of it in units of weights 

In British measures heaviness is most conveniently expressed in 
lbs. avoirdupois to the cubic foot; in French measures, in kilo- 
gramm/es to the cubic decimetre, 

ItuLE Y. — Given^ the specific gravity of a substance; to find its 
heaviness; multiply by the heaviness of water. 

(In British measures 62*4 lbs. to the cubic foot is near enough 
for practical purposes; in French measures no calculation is 
needed, heaviness and specific gravity being identical.) 

3. The Density of a substance is either the number of units of 
fntisa in an unit of volume (see page 104), in which case it is equal 
to the heaviness,-— or the ratio of the mass of a given volume of 
the substance to the mass of an equal volume of water, in which 
case it is equal to the specific gravity. 

In its application to gases the term '^ Density" is often used to 
denote the ratio of the heaviness of a given<gas to. that of air, at 
the same temperature and pressure. 

4. The BaikineM of a substance is the number-of units of volume 
which an unit of weight fills; and is the reeiprocoL of the Iieaviness. 
(See Table of Reciprocals, page 11.) 

In British measures bulkiuess is most conveniently expressed in 
cubic feet to the lb, avoirdupois; in French measures, in cubic deci" 
metres to the kilogramme. 

Rule VI. — (Sven, the specific gravity of a substance; to find 
its bulkiness ; divide the bulkiness of pure water by the specific 
gravity of the given substance. 

(In British measures 0*01602 cubic- foot of pure water to the lb. 
is near enough for practical purposes; in £^nch measures the 
bulkiness of pure water is 1.) 

5. Sfleet of Heat on Bnikinen. — Rise of temperature produces 
(with certain exceptions) increase of bulkiness. 

Rule VIL (For perfect gases). — Given, the bulkiness of a 
perfect gas at the temperature of melting ice; to find its bulkiness 
under the same pressure at any other temperature; multiply by 
the given temperature, as reckoned from the absolute zero (see page 
105), and divide by the absolute temperature of melting ice (274® 
Cent = 493°*2 Fahr.) 

Rule VIIL (Approximate rule for water). — Divide the given 
temperature by 500° Fahr. or 278° Cent.; divide 500° Fahr. or 
278° Cent, by the given absolvJte temperature ; multiply the half- 
sum of the quotients by the least bulkiness of water (00 1602 cubic 
feet to the lb., or 1 cubic decimetre to the kilogramme); the product 
will be the required bulkiness nearly enough for practical purposes. 

Example: — -Given, temperature on common scale, 212° Fahr«\ 
that is, 212® + 461°-2 = 673°2 Fahr., absolute. 
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1/673-2 500 \ ,^._ ^ . ,. , ^, , „ . 

2 V 500 "*" 67Q.o J " l'04o, ratio id which the bnlkiness is 

increased (the exact ratio is 1*04775, so that the error is ahoat 

400;^ 

001602 X 1-045 = 0-01675 cubic foot to the lb.; buEdness 

required, nearly 

62-425 
, ^ ^ = 59-7 lbs. to the cubic foot; corresponding heayiness, 

nearly. 

The following are the rates of expansion in bulk, in rising fimii 
the freezing point (0° Cent, or 32® Fahr.) to the boiling point {IW 
Cent, or 212° Fahr.) of some materials: — 

Perfect gases, 0*365 

Air at ordinary pressures, 0-366 

Pure water, o*04775 

Sea-water, ordinary, 0-05 

Spirit of wine, 0-1112 

Mercury, 0-018153 

Oil, linseed and olive, 0*08 

Brass, 0-0065 

Bronze, 0-0054 

Copper, 0*0055 

Cast iron, 0*0033 

Wrought iron and steel, 0*0036 

Lead, 0*0057 

Tin, 0-0066 

Zinc, 0*0058 

Brick, conmion, o'oio6 

„ fire, o'ooi5 

Cement, 0-0042 

Glass (average), 0*0027 

Slate, 0-0031 

6. Effect of PreMore on BnlklaeM of Perfect Oaaes. — Given, the 

bulkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bulkiness at 
the same temperature under any other pressure; divide by the 
absolute pressure in atmospheres (see page 115). 

7. SzpianatioB of the Tables. — ^Table L is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, and 
of specific gravity for liquids and solids. Table II. gives the 

heavineaa of earth in lbs. V> \^<& c\M<^ ioot^ and to the cubic yard 
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Table III. gives the heaviness of various kinds of rock in lbs. to 
the cubic foot, and to the cubic yard; and the bulkiness in cubic 
feet to the ton. Table IV. gives, for various metals, the weights of 
a cubic inch (column A) ; of a bar a foot long and an inch square 
(column C); of a round rod a foot long and an inch diameter 
(column B) ; of a plate a foot square and an inch thick ^column D) ; 
of a cubic foot (column E); and of a sphere one inch m diameter 
(column F). To find the weight of one foot of a round rod of 
a diameter given in inches ; multiply the number in column B by 
the square of the diameter. For the weight of a foot of a cylin- 
drical tube, multiply the number in column B by the difference of 
the squares of the outside and inside diameters. For the weight 
of a solid sphere, multiply the number in column F by the cube of 
the diameter. For the weight of a hollow sphere, multiply the 
same number by the difference of the cubes of the outside and 
inside diameters. 



L — General Table of Heaviness and Specific Gravity. 

Weight of a onbio 
foot in 

Gases, at 32** Fahr^ aaid under one atmosphere : 1^ avoirdupois. 

Air, 0*080728 

Carbonic acidy 0*12344 

Hydrogeny.... 0*005592 

Oxygen, 0*089256 

Nitrogen, 0*078596 

Steam (ideal^ 0*05022 

JEther vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal)| 0*2 1 37 

Olefitiuit gas,^.. 0*0795 

Liquids at 32'' Fahr. (except Water, ''^*^ft5>?'ii ®""° ^^4® 

which is taken at 39°*! Fahr.) : lb& avoirdnpola. pore water s 1. 

Water, pure, at 39°*!,. 62*425 i*ooo 

„ sea, ordinary, 64*05 1*026 

Alcohol, pure, 49*38 0*791 

„ proof spirit, S7*i8 0*916 

-^ther, 4470 0-7x6 

Mercury, 84875 i3*59<5 

Naphtha, 52*94 0*848 

Oil, linseed, 58*68 0*940 

99 olive, 57*12 0*915 

„ whale......... 57*62 0*923 

„ of turpentine, 54*3i 0*870 

Petroleum, SV^^ ^^'^'V^ 
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Weight of a oaUks Bpedfle 

foot in gravity, 

IbB. ayoirdupolB. pure water = L 

Solid Minebal Substances^ non-metallic : 

Basalt; 187*3 3*0^ 

Brick, 125 to 135 2 to 2*167 

Brickwork, iia 1*8 

Chalk, 117 to 174 1-87 to 278 

Clay, 120 1*92 

Coal, anthracite, ^.... 100 1*602 

„ bituminous, 77*4 to 89*9 1*24 to 1*44 

Coke, 62*43 ^ 103*6 i*oo to 1*66 

Felspar, 162*3 2*6 

Flint, 164*3 2*63 

Glass, crown, average, ...*^ 156 2*5 

„ flint> „ " 187 30 

„ green, „ 169 2*7 

„ plate, „ 169 2*7 

Granite, 164 to 172 2*63 to 2*76 

Gypsum, i43'6 2*3 

Limestone (including marble), 169 to 175 2*7 to 2*8 

„ magnesian, 178 2*86 

Marl, 100 to 119 1*6 to 1*9 

Masonry, „ 116 to 144 1*85 to 2*3 

Mortar, 109 1*75 

Mud, 102 1*63 

Quartz, 165 265 

Sand ^damp), 118 1*9 

„ (dry), 88*6 1*42 

Sandstone, average, 144 2*3 

„ various kinds, 130 to 157 2*o3 to 2*52 

Shale, 163 2*6 

Slate, 1^5 to 181 2*8 to 2*9 

Trap, 170 2*72 

Metals, solid : 

Brass, cast,..,...... 487 to 524*4 y8 to 8*4 

» wire, 533 8*54 

Bronze, ; 524 8*4 

Copper, cast, 537 8*6 

„ sheet, 549 8-8 

„ hammered, 556 8*9 

Gold, ii86toi224 19 to 19*6 

Iron, cast, various, 434 to 456 6*95 to 73 

„ average, 444 711 

JjTon^ wrought, various, Al^^ A'^1 7*6 to 7*8 
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Wsl^tot»eqUO 8pM«ls 

,, ,. , , , n». HolrdBpciL panwwarsL 

Metals, solid, — amtmved. 

Iron, wroaght, average, 480 7-69 

I^atl, Jia 11-4 

PUtiDum, 1311 to 1373 31 to aa 

Silver, 655 lo-g 

Steel, 487 to 493 7-8 to 7-9 

Tin. 456 ^ 468 73 to 7-5 

*>no. 4»4 *o 449 6-8 to 7-a 

Timbeb:* 

^^■- i1 0753 

Hamboo, 35 0-4 

Beech, 43 0-69 

Birch, 44-4 07 1 1 

Blue-Gum, 52-5 ^'843 

Box 60 0-96 

Bullet-tree, 65-3 1-046 

CabacaJli, gfi-a 0-9 

Cedar of Lehanon, 30-4 0-486 

Oieetnot, 33-4 0-535 

Cowne, 36-3 0-579 

Ebony, West Indian, 74-5 1-193 

Fir: Ked Pine, 30 to 44 0-48 to 0-7 

„ Spruce 30 to 44 0-48100-7 

„ American Tellow Piu^ 39 0-^,6 

„ Larch, 31 to 35 0-5100-56 

Greenheart, 63-5 I'ooi 

Hawthorn, 57 0-91 

Hazel, 54 086 

Holly, 47 076 

Hornbeam, 47 0-76 

laburnum, 57 0-93 

Lancewood, 431063 0-675 *<> ^'°^ 

lArch. See "Fir," 

LignumVitoe, 41 to 83 0-65 to 1-33 

Locust, 44 071 

Mahogany, Honduras, 35 0-56 

„ SpMiiflh,....^. 53 085 

Maple, 49 079 

Mora, 57 0-93 

* The Timber ia Brety cMe is nqr[iCM& te \m Arj. 
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Wdgbt of a enUo fipeeiflo 

foot in gniTity; 

lb*. ftToirdopoit. pnrewmter^L 

Timber, — wrdmv/&i. 

Oaik, European, 43 to ^% 0*69 to 0*99 

„ American, Bed, 54 ^'^7 

Poon, 36 0-58 

Saul, 60 096 

Sycamore, 37 o'59 

Teak, Indian, 41 to 55 o-66 to o-88 

„ African, 61 0*98 

Tonka, 62 to ^^ 0*99 to 1*06 

Water-Gum, 62-5 ixwi 

"Willow, 25 04 

Tew, 50 0*8 



IL — ^Heaviness of Eabtel 

OnUc Foot Onlite Yard. 

Chalk, from 117 to 174 lbs. from 3160 to 4730 IIml 

Clay, „ 120 to 135 „ „ 324oto364S „ 

Gravel and Shingle,.... „ 9otoiio „ „ 2430 to 2970 „ 

Marl, „ iootoii9 „ „ 27ooto32io„ 

Mud, 102 „ „ 2750 „ 

Sand, dry, 89 „ „ 2400 „ 

>> damp, 118 „ „ 3190 „ 

Shale, 162 „ „ 4370 ^ 



IIL-^Heayiness and Buuoness of Book. 

Lbs. in one Lbs. in one OnUe Feet 

Oubio Foot Cubic Yard. to a Ttok 

Basalt, 187 ... 5060 ••• 12 

Chalk, 117 to 174 ... 3160 to 4730 ... 19*1 to i2'9 

Felspar, 162 ... 4370 ... 13*8 

Flint, 164 ... 4430 ... 13*6 

Granite, 164 to 172 ... 4430 to 4640 ... 13-6 to 13 

Limestone, 169 to 175 ... 4560 to 4720 ... 13*2 to 12-8 

„ magnesian, 178 ... 4810 •.. 12*6 

Quartz, 165 ... 4450 ... 13*6 

Sandstone, average,.. „ 144 ... 3890 ' ... 15*6 

kinds,.. ^.^!!!.^!} ^30 to 157 ... 3510 to 4240 ... 17-2 to 14-3 

Shale, 162 ... 4370 ... 13-8 

Slate (Clay), 175 to 181 ... 47^0 to 4890 ... 12*8 to 12*4 

Trap^ i']o ••• h^<^ ««« 13'a 



HEAVnnDSS — CENTBB OF GBAVITT. 153 

rv. — Cubes, Bods, Plates, Babs, and Spheres. 

A. JBL O. D. E. F. 

lb& ll)& IbB. IbB. ll)& 

Brass, cast, average,... 0*298 a-8i 3*58 43*0 516 ©•156 

„ wire, 0-308 2*91 370 44*4 533 o-i6a 

Bronze, 0303 2-86 364 437 524 0159 

Copper, sheets 0-318 2-99 3*81 4575 549 0-166 

„ hammered, ... 0*322 3-03 3*86 46-3 556 0-168 

Iron, cast, average, .,. 0-257 2-42 3-08 37-0 444 0*134 

Iron,wrought, average, 0-278 2*62 3-33 40-0 480 0*146 

Lead, 0-412 3-88 4-94 59-3 712 0-216 

Steel, average, 0-283 2-67 3-40 40*8 490 0-148 

Tin, average, 0-267 2*52 3-21 38*5 462 0-140 

Zinc, average, 0-252 2-38 3-03 36-3 436 0-132 

8. Centre of Grmritr — ^THoiiieat of UTelght. — ^KULE I. — The centre 

of gravity of a body of uniform heaviness is its centre of magnitude. 
(See pages 81 to 88.) 

BuLE II. — To find the moment of a body's weight relatively to 
a ^ven plane 0/ moments; multiply the weight by the perpendicular 
distance of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
weights which lie some at one side and some at the other side of a 
plane of moments, those moments are to be distinguished into 
positive and negative, according to the sides of the plane at which 
the weights lie. 

BuLE III. — ^To find the common centre of gravity of a set of 
detached bodies; find their several moments relatively to a con- 
venient fixed plane; find the resultant of those moments by adding 
together, separately, the positive and negative moments, and 
taking the difference between the two sums, which will be positive 
or negative according as the positive or negative sum is the greater. 
Divide that resiiltant moment by the total weight; the quotient 
will be the perpendicular distance of the common centi-e of gravity 
from the fixed plane; and its positive or negative sign will show at 
which side of the plane that centre lies. If necessary, repeat the 
same process for a second and a third fixed plane, so as to deter- 
mine the position of the required centre completely. The two or 
three planes (as the case may be) are usually taken perpendicular 
to each other. 

BuLE IV. — To find the centre of gravity of a body consisting of 
parts of unequal heaviness; find separately the centres of those 
pai-ts, and treat them as detached weights by Bwie ILL 
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9. raoment oi Inertia and Badins of GTmtion. — ^RuLE I. — To 

find the moment of inertia of a body about a given axis; conceive 
the body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square of its perpendicular 
distance from the axis ; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required moment of inertia^ 

KuiiE II. — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first ; multiply 
the mass (or weight) of the body by the square of the pei^ndicular 
distance between the two axes, and to the product add the given 
moment of inertia.. 

Rule III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres of 
gravity ; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpendicular 
distance of its centre of gravity from the common axis; add 
together all the products, and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

Rule IY. — To find the square of the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

Rule V. — Given, the square of the radius of gyration of a body 
about an axis traversing its centre of gravity in a given direction ; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axes. 



10. — Table op Squares op Radh of Gyratiok. 



BODT. 


Axil. 


BASxrait 


I, SBhere o( radius r. 


Diameter 

Polar axis 
Axis, 2a 

Diameter 

Diameter 


2r« 
5 

2r« 
T 

5 

2(r»— r'M 


XL Spheroid of revolution — polar semi- 
axis a, equatorial radius r, 


IV. Spherical shell — external radius r, 
internal *^. t t. 


V. Spherical shell, insensibly thin — ra- 
dinsf*. thicknoBR dT. ••.ttr..*. ........... 


6(r» — f*) 

2r« 
3 


/ 



RADIUS OF OYRATIOK — CENTRE OF PERCUSSIO!^. 
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BODT. 

VL Circular cylinder — ^lengtii 2a, ra^us r, 

VIL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes 6, c, 

VilL Hollow circular qylinder— lengtih 2a, 
external radius r, internal r', 

IX. Hollow circular cylinder, insensibly 
thin — length 2a, radius r, thickness 
dr, 

X. Circular cylinder — ^length 2a, radius 
r, v.. 

XL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes 6, e, 

Xn. Hollow circular cylinder — length 2a, 
external radius r, internal f', 

XIIL Hollow circular cvlinder, insensibly 
thin — radius r, thickness dr, 

XIV. Bectangular prism — dimensions 2a, 
26,2c, 

XV. Khombic prism — length 2a, diagonals 
26, 2c, 

XVI. Rhombic prism, as above, 



Azu. 



Lon^tudinal 
axis, 2a 

Longitudinal 
axis, 2a 

Longitudinal 
axis, 2a 



Longitudinal 
axis, 2a 

Transverse 
diameter 

Transverse 
axis, 26 

Transverse 
diameter 

Transverse 
diameter 

Axis, 2a 



Axis, 2a 
Diagonal, 26 



RADIU&t 



2 

6«-h;« 

4 



c« a« 
4+T 

r«+y» a« 

r^ a* 
2^3 

6«+c« 

- ■ 

3 

6«-l-c« 



6'''3 



11. Ceaire of PcrcoMion — Eqairalent Simple Pendalam.- 

I. — ^To find the centre of percussion of 
a given body turning about a given 
axis. 

In ^g. 55, let XX be the given 
axis, and G the centre of gi»vity of 
the body. From G let fall G C -perpen- 
dicular to X X. Through G draw G D 
parallel to X X, and equal to the 
radius of gyration of the body about 
the axis G D. Join C D. T hen will 

C E = C D = n/ G D2 -f- C G^ = the 
radius of gyration of the body about 
XX. From D draw D B perpen- Y\^.^^. 
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diciilar to C D, cutting C G produced in B. Then will B be tbe 
centre of percussion of the body for the axis X X. 

To find B by calculation; make G B = -^^ . 

is the centre of percussion for an axis traversing B parallel 
toXX. 

BuLE II. — ^To convert the body into an "equivalent simple 

mdulum" for the axis X X, or for an axis through B parallel to 
X; divide the mass of the body into two parts inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at C and B respectively^ and rigidly connected 
together. 

(Let W be the whole mass^ and C and B the two parts; then 



W'GB W'G C 

OB; ^ CB 



•) 



(The "equivalent simple pendulum" has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B.) 

12. Equiralent Ring* or Eqalraleat Vly-wheel. — When the given 

axis ti-averses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body. 
That ring may be called the "equivalent ring," or "equivalent, 
fly-wheel." 

13. The Centre of PreMure in a plane surface is the point 

traversed by the resultant of a pressure that is exerted at that 
surface. 

BuLE. — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surfSeioe 
proportional to the intensity of the pressure (page 103); the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre ci 
pressure. 

The following are particular cases : — 

I. Vaiforin Pres«are.— When the intensity is uniform, the centre 
of pressure is at the centre o/magnityde of the pressed surface. (See 
page 83.) 

II. Vnirormiy Tarjing Presrare.— "When the intensity of the 
pressure varies simply as the perpendieular distance from a given 
axis, the centre of pressure is at the centre of jjercTission of the 
])ressed surface, relatively to that axis (see page 155); the surface 
being regarded as a thin plate of uniform liiickness and 

LcHvineaa, 



CENTRE OF PRESSUBE — CENTRE OF BUOTANCT. 
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Examples of Centres of XJniformly-yarying Pressure. 

In each of the following examples the greatest perpendicular 
distance of any point of the pressed surface from the axis is denoted 
by h; and that of the centre of pressure from the axis by h. 



Fioubs of Pekssed Subfacx. 



Parallelogram, 

Triangle, 

Triangle, 

Semicircle or semi-ellipse,... 

Circle or ellipse, 

Hollow rectangle, — 

outer dimensions, & x A, 

inner dimensions, b'xh',,,,. 

Hollow square, h^ — A'*,.... 

Hollow ellipse,— 

outer dimensions, & x A, 

inner dimensions, l/xh\„. 
Hollow circle, — 

outer diameter, h, 

inner diameter, h' 



Azu. 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
opposite edge. 
Diamet^. 

Tangent. 

One edge 

of the 

outer boundaiy. 

Do. 

! Tangent to) 
the outer > 
boundary. ) 

Do. 



A = 



0-58905A. 
8^ 

2'^^h{hh—h'h'y 

2h A'« 

T+6A- 
h hh^ — b^h'* 
2'^Sh(bh-b'h'y 

5h hr^ 
8 '*'8A- 



14. The Centre of Baoyaney of a solid wholly or partly immersed 
in a liquid is the centre of gi'avity of the mass of liquid displaced. 
The resultant pressure of ^e liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 
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PART V. 

RULES RELATING TO THE BALANCE ANIV STABILITY 

OF STRUCTURES. 

Section I. — Composition: and Resolution of Forces. 

1. The Besullant of a DiaUrlbuted Force.— RuLE. L — To find the 
resultant of a body's weight;, find the centre of gravity of the body 
(as in page 1^3); the resultant will be a single* force equal to 
the weighty acting vertically downwards through, the centre of 
gravity. 

Rule IL — To find the resultant of a pressure; find the centre of 
pressure (as in page 1^6); the resultant will be a single force eqpal 
in amount, to the pressure, and acting in the same direction and 
through the centre of pressure. (The ammmt of the pressure is 
equal to the area of the pressed surface, multiplied by the mmn 
intensity of the pressure, and is also equal to the weight of the 
imaginary prismatic solid mentioned in page 156, Article 13.) The 
mean intensity of an uniformly varying pressure is its intensify at 
the centre of magnitude of the pressed surface. (See page 49.) 

2. Resultant of Forces acting throagh one Point. — RuLE IH. — 

If the forces act along one linej all in the same direction, their 
resultant is equal to their sum; if some act iu one direction and 
some in the contrary direction, the resultant is their algebraiccU sum; 
that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difference of the two 
sums will be the amount of the resultant, and i*fcs direction wiU be 
the same with that of th^ forces whose sum is the greater. 

Rule IV. — If the forces act along 
tv}o lines, O X, O Y (fig. 56), lay off 
O A and O B along those lines, to 
represent the magnitudes of the 
given forces ; through A draw A C 
parallel to OB; througb B draw 
B C parallel to O A, and cutting 
AC in C; join O C; the difigonal 
O C will represent the resultant 
required, in direction and magni- 
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rormula for finding the magnitude of O C by calculation : 
0C = a/J0A« + OB2 + 20AOBco8AORi 

Pormulae for finding the direction of O C by calculation : 
BinAOC = sin A OB -^i sin BOO = sinAOB-^. 

KuLE V. — Given, the directions of three forces which balance 
each other, acting in one plane and through one point; construct a 
triangle whose sides make the same angles with each other that 
the directions of the forces do; the proportions of the forces to each 
other will be the same with those of the corresponding sides of 
that triangle. 

To solve the same question by calculation; let A, B, C, stand 
for the magnitudes of the three forces; A O B, B O 0, O A, for 
the angles between their directions; then 

sinBOC:BinCOA:sinAOB::A:B:C. 

Each of those three forces is equal and opposite to the resultant 
of the other two. 

BuLE VI. — To find the resultant of any number (Fp Fj, Fg, 
<fec., fig. 57) of forces in different direc- ^ 

tions, acting through one point, O. ^ ^^^7\ 

Commence at the point of application, *^.,.^^ 'y ^^-^^^ / \ 
and construct a chain of lines repre- ^^^ — ^>fer"^ — ^ — -5^** 
senting the forces in magnitude, and >'^^\^ — '^'--><:y 

parallel to them in direction, (O A = -^ — -V — 'y"^' » 

and II Fj, AB = andj Fj, B = and 'Ax' 

II Fg, <fec.) Let D be the end of that ^^ ^^' 

chain ; join O D, this will represent the required resultant ; and 
a force (Fg) equal and opposite to O D will balance the given 
f<n'ces. 

(This rule is applicable whether the forces act in one plane or in 
difierent planes.) 

3. Bcsolatioa of a Forc« lato Incllaed ComponenUu — A single 
force may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

KuLE VII. Two Components, — In fig 56, page 158, let O C be the 
given force, and O X and O Y the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A, and B parallel to O X, cutting O Y in B; O A and O B 
will be the required components; and two foccei^ x%.*«»'^^\»\:<%^^ 
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Fig. 58. 



equal to and directly opposed to these will balance O C. For tlie 
proportionate magnitudes of the components, see Article 2 of this 
section, Rule V., page 159. 

BuLE VIII. Two Eectanffula/r Components, — ^When the directions 

of the required components are perpen- 
dicular to each other, let B denote the 
resultant, or force to be resolved; X and 
T the required components, « and fi the 
angles which thej make respectivelj with 
R Then 

.2 « + /3= 90**; X r= B cos « = H ainfi; 
Y = It cos /8 = B sin «; 
X2 + Y8 = B2. 

Observe that cosines of obtuse angles are 
negativa (See page 53, line 2.) 
BuLE IX Three Components, — In fig. 

58, let OH represent the given force 
which it is required to resolve into three component forces, acting 
in the lines O X, O Y, O Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
YOZ, ZOX, XOY,and cutting respectively OXin A, OYin 

B, O Z in C. Then will O A, OB, O C, represent the component 
forces required. 

BuLE X Three EectangiUar Components, — ^When the directions 
of the three required components are perpendicular to each other, 
let B denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, fi, y, the angles which they reBpe^ 
tively make with B. Then 

cos 2fl6 + cos 2/3 + cos 2y = 1 ; X = B cos » ; 

Y = B cos /8; Z = B cos y; X« + Y2 + Z2 = B« 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Besnltant of any Nnmber of locllaed Forces ActlMg thioafh 

one Point. — To solve the same question by calculation that is 
solved in Bule YI. by construction. 

BuLE XI. (When the forces act in one pUme) — ^Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
(2 X, S Y) ; these will be the rectangiUar components of the resuitami 
"B. of all the forces', that is to say, 



R=y^|(2X)« + (2Y)s}; 
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and if « be the angle wliich K makes i^tli X, 



cos tt = 



2X 
R 



2 Y 
; sm « = -^. 



Rule XII. (When the forces act in different planes). — ^Assume 
any three directions at right angles to each other as axes; resolve 
each force into three components (X, Y, Z) along those axes; take 
the resultants of the components along the three axes separately 
(2 X, 2 Y, 2 Z); these will be the rectangvla/r components of the 
restdtant of all the forces; and its magnitude and direction wUl be 
given by the following equations : — 

II=a/|(2X)2 + (2Y)2 + (2Z)2l. 



cos et = 



2X 



a 2Y 
cos /3 = -^; cos y = -^ 



2Z 

R- 




Fig. 69. 



5, Conpies.— In fig. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the arm, span, or leverage; and the ^ 
product force x leverage = F L, is the 
staiicctl moment of the couple, which is 
right or left-handed according as the 
couple tends to turn the rigid body, as 
seen by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

Rule XIII. — To find the resultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planea Take the sums of the right-handed and lefb-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or lefb-handed 
according to the direction of the moments whose sum is the 
greater. 

Rule XIV. — ^To represent the moment of a couple by a single 
line. Upon any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, Gg, 59), in such a 
direction that to a spectator looking from O towards M, the couple 
shall seem right-handed. The line O M is called the aads of the 
couple. 

Couples as represented by their axes are compounded and 
resolved like single forces^ ly Rules I. to XIL oi ^\ua ^^vxdu 
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Rule XY. — To find the resultant of a single force, F, applied 
to a rigid body at O, and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifted in that plajie, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resultant 
required. 




Fig. 60. 



(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

EuLE XVI. — ^To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In fig. 60, let F be the 
given force acting in the line £ D, and B a given point not in £ D. 

Through B conceive a pair of equal and contrary 
forces to act in a line parallel to £ D ; viz., + F 
equal to F and in the same direction; and - F 
equal to F and in the contrary direction ; also^ 
let fall B A perpendicular to £ D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F acting 
through B, and the couple of forces F and — F, 
with the arm A B and moment F x A B ; which 
^ couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acta 

F X A B is called ike moment of the force F 
relatively to tlie point B; or relatively to the 
oojw O X traversing B in a direction perpen- 
dicular to the plane of F and AB; or relatively to a jp/oJW 
traversing B perpendiculai'ly to A B. 

6. Parallel Forces.— EuLE XVII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find itB 
line of action by construction, proceed as follows: — Fig. 62 repre- 
senting the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A I) 
and B E be the components. Join A E and B D, eutting each 
other in F. In B D (fxoduc^d *m ^^ ^^^ take B G = D F. 




Fig. 61. 
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Through G draw a Kne parallel to the components; this will he 
the line of action of the resultant To find its magnitude hy con- 




struction: parallel to. AE, draw BC and D H, cutting the line 
of action of the resultant in C and H; C H will represent the 
resultant required ; and a force equal and opposite to C H will 
balance A D and B R 

To find the line of action of the resultant by calculation; make 
either 



BG = 



AD'DB 
CH 



or D G = 



BE'PB 
CH ' 



Rule XVIII. — ^When the two given parallel forces are opposite 
and equal, they form a couple, and have no sing}e resultant. 

Rule XIX. — To find the relative pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Across the three 
lines of action, in any convenient position,. 
draw a straight line A C B> fig. 64, and 
measure the distances between the points 
where it cuts the lines of action. Then 
each force will be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force is contrary to that of the other two 
forces, A and R 

In symbols^ let A, B^ and C, be the foi'ces; then. 




Rg. 64, 



A + B+O = 0; AB:BO;OA;;C\K\^ 



164 BALANCE AND STABILTTT OF 8TRnCTUBE& 

Each of the three forces is equal and opposite to the tesnltant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two parallel components, acting in given lines in 
the same plane. 

BuLE XX. — ^To find the relative proportions of four parallel 

forces which balance each other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines of 
action in any convenient position; and in 
fig. 65 or fig. 66, let A, B, C, D, represent 
the points where the four lines of action cut 
the plane. Draw the six straight lines 
joining those four points by pairs. Then 
the force which acts through each point will 
be proportional to the area of the triangle 
Fig. 65. formed by the other three points. 

In fig. 65, the directions of the forces at 
A, B, and 0, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 

those at B and C in the contrary direction. 
In symbols, 

A+B+C+D = 0; 

BCD:CDA:DAB:ABO 
A : B : C : D. 








Each of the four forces is equal and opposite to the resultant of tlie 
other three; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plana 

BuLE XXI. — To find the resultant of any number of pazalld 
forces. 

Case I. — ^When the parallel forces act all in one direction, tbe 
magnitude of their resultant is their sum. .Consider the parallel 
forces as detached weights, and find the position of the commoft 
centre of gravity of those weights by Part lY., Article 9, Bnle III, 
(page 153); the line of action of the resultant will pass throogii 
that centre. 

Case II. — When the parallel forces act in two contrary direc- 
tions. Find separately, as in Case I., the magnitudes and lines of 
action of the resultants of the forces which act in the two contraiy 
directions respectively; if those two resultants are tmequal, find 
the final resultant by Bule XYII. ; if they are eqfatsil, ihej form 
a couple, and have no eingle iorce ^ ql te&ultant 
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Section II. — Frames, Chainb^ and Linear Bibs. 



1. Triaasalar aad Polygoul FniBMs. — A frame CODSists of bars 

connected together at their ends by joints which offer no sensible 
resistance to the turning of one bar into a different angular 
position relatively to the next, the resistance to such turning 
being given by the fixing of the farther ends of the bars alone. 
The point in a given joint about which such turning would take 
place is called the centre of resistance of the joint; the straight 
line joining the centres of resistance at the ends of a bar is called 
the line of resistance of that bar. A bar is called a struty or a tie, 
according as a thrust or a pull is exerted along its line of resist- 
ance. A figure showing the centres of resistance and lines of 
resistance alone may be called the skeleton diagram of a frame. 
When a joint is spoken of as a point, its centre of resistance is 
meant ; when a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance; and if not actually so concentrated, the 
following rule is to be used : — 

KuLE I. — Given, the actual load distributed over a frame, whether 
arising from external forces or from its own weight, and the distri- 
bution of that load ; to find the eqjuivalent load concentrated at the 
centres of resistance of the joinibs. By the rules of the preceding 
section, and of Fart lY.,, &oA ihe residtant of the load on each 
bar; then, by Bulie 21IX. of the preceding section (page 163), 
resolve each such, resultant into two parallel componients acting 
through the centres o^ resistance at the ends of that bar; then 
take the resu]ttaj)]t)s. of those components for each joint separately; 
those resultaA.ts. will form the equivalent load required. 

BuLE IL — Given, the load on a frame, and the line or lines of 
resistance of its supports; to find the supporting force or forces, 
commence by finding the i*esultant of the whole load by the rules 
of the preoediog section, and of Part lY. 

Case I. — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load ; and the supporting force must be equal and opposite to that 
resultant. 

Case II. — When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
point. If parallel, use Rule XIX. (pago 163), or, if inclined, use 
Kule YII. (page 159) of the preceding section to resolve the re- 
sultant load into two components actiixj^ along tih& \m<^ Q»i x^^^^^jds^^^ 
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of the supports; the two supporting forces will be equal and 
opposite to those components. 

Case III. — When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point. If parallel, use Rule XX. (page 
164), or, if inclined, use Rule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three suppoiting 
forces will be equal and opposite to those components. 

Rekare. — In all the following rules, those components of a 
distributed load which, as found by Rule I., rest directly on the 
supports of the frame, are understood to be left out of account ; and 
the supporting forces are supposed to be determined eocclusive of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III^ — To distinguish struts from ties. In ^g, 67, let A C 
and £ C be the lines of resistance of two bars of a frame meeting 

at the joint C. Produce those lines 
beyond C, as shown by CD, C E; 
and draw a line to represent the 
-direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties ; if between A C 
produced and C B, as at 2, A C is a 
tie and B C a strut; if between C A 
and C B, as at 3, both bars are struts ; 
if between C A and B C produced, as at 4, A C is a strut and B 
a tie. 

Remark as to stability and instability, — ^A tie is stable, even 
although one or both ends are moveabla A strut is unistable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their positions. 




Fig. 67. 






Tig. 69. 

Rule IY. — Given, in a triangular frame, loaded and supported 
verticaJljr, the skeleton diagram (^^^. ^^'^^ \a:> ^\id the relative pro- 
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portions of the forces acting in the fmme. Let A, B^ 0, be the 
three bars^ 1, 2, 3, the three joints. Construct the diagram of 
forces, fig. 69, as follows : — From any point, O, draw 
O A, O B, O C, parallel to the lines of i-esistance 
A, B, C, respectively; then across those three lines 
draw the vertical line ABC. Then the required 
proportions are as follows: — 



Load 
on 


Supporting 
Forces at 


Stress Along 


1 


1 : 


2 : 3 


: A 


: B : 


C 


CA, 


;AB:BC 


:0 A 


:0B: 


OC; 




and from these proportions, if any one of the six 

forces is given, the other five may be found. pi ^^ 

From O, perpendicular to A B C, draw OH. 
This will represent the horizontal stress of the frame, which is the 
same in each bar. To find this and the other forces by calculation 
from the load C A, let a,byC,he the angles of slope of the three 
lines of resistance; then 

OH ^ . 

tan c z±2 tan a 

A B = O BE -(tan a :^ tan 6); B C = O H • (tan 6 =tz tan c). 

The aifm / "*" I ^ *^ ^® uBed when the two ) opposite directions 
^^ I - j inclinations are in j the same direction. 

O A = OH sec a; OB = 0Hsec6; 0=* OHsecc. 

Rule Y. — Given, in a polygonal frame, loaded and supported 
vertically, the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, 4, 5, 
^e joints, of which 1, 2, 3 are loaded, and 4, 6, supported. Con- 
struct the diagroffn of forces, fig. 71, as follows: — From any point, 
O, draw radiating lines, O A, O B, O C, <kc., parallel respectively to 
the lines of resistance A, B, C, &c., in fig. 70. Then draw a 
vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, <fec., will represent 
the parts of the load which must rest on the several loaded joints 
in order that the frame may be balanced. For example, B C in ^g. 
71 represents the part of the load to be applied at the joint 2 in 
fig. 70, where the bars B and C meet. Also, the parts D E and 
Ei A into which A D is divided by the line A E, parallel to the 
^r E, which connects the points of support, 4 and 5, in fig. 70, 
represent the supporting forces at those points respectively. The 
lengths of the radiating lines O A, kc, represent the stresses along 
the lines of resistance to which they are respectively paralleL 
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From O let fall on A D the perpendicular O H. This will 
represent the horizontal stress of the frame. 

B.EMABKS. — By omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open frcum/Ry in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders abvlments necessary at 4 and 5, and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the frame is stable, although flexible. 

Rule VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, ^g. 70; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a vei^ 
tical line, A D, to represent the whole load, and divide it into 
parts, A B, B C, <fec., to represent the parts of that load which are 
to be supported at the severa,l loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, O C, &c., from O to the points of division of 
A D; these will be parallel to the lines of resistance whose 
inclinations are required. 

KuLE VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
SMm of the tangents of those inclinations, if they are contrary, or 
by the difference of those tangents, if the inclinations are similar. 

Rule VIIL — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sum of those tangents, if the lines of resistance slope contraiy 
ways. 

Kule IX. — From the same data, to find the stress along a given 
bar; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Fmmes — method of Trlanglec — When the external 

forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
divisioii on the radiating lines^ as in fig. 71, gaps will be left in 



FBAKBS. 



169 



ie«.— When a vertically- 




Fig. 72. 



that scala The lines necessary to fill up those gaps will indicate 
the forces to be supplied by means of the resistance of braces. 
These may be either struts or ties, connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the line of resistance of the brace, upon the 
pair of joints which it connects. 

3. MetlMd of 8«cfiOM AppUed f Fi 

loaded braced frame is 
so designed that a 
vertical cross- section 
of it at any point 
cuts not more than 
three lines of resist- 
ance, the method of 
sections may be ap- 
plied as follows : — The 
upper and lower bars, 
as 13, 3 5, &c., and 
2, 2 4, 4 6, &c., in 
fig. 72, may be called 
the stringers, and the intermediate bars, 01, 12, 23, &c., the 
braces. 

Rule I. — Given the skeleton diagram, and the load at each of 
the joints (1, 2, 3, ifec.), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting forces by Rule II. of 
the last Aiticle (page 165). Then conceive the frame divided into 
two parts, by a section traversing the joint that is opposite 
the stringer under consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of tJiose parts. (That is to say, in the present example, 
take the moment of the supporting force at the joint O, by 
multiplying it by its hori2X)ntal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
stringer in question, let fall a perpendicular (4 P) on the line of 
resistance of the stringer (3 5) ; divide the resultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress is 
thrust or tension, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of the kind which resists that 
tendency. (In the example the stress is thrust for the upper 
stringers, tension for the lower.) 

Rule II. — ^To find the vertical component of the stress along a 
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stringer, multiply the whole stress by the difference of leTel T)f the 
ends of the stringer, and divide by the length of the stringer. 
If the stringer is horizontal, its stress has no vertical component 
The stress of each stringer having been found, the next step is 
as follows ! — 

EuLE III. — In the same case^ to find the stress along any one of 
the braces (for example, 3 4). Conceive the frame to be divided 
into two parts by a vertical section, S S, traversing the brace in 
question. Take the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example shown, 
from the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of it* ends, will give the whole stress along 
the brace. 

4. lioaded Chains. — RuLE I. — Given the figure of a loaded chain, 
C B A D; to find the position of the resultant load on any part of 
it, A B^ and tho relative proportions of the forces acting on that 

part of the chain. Draw 
i\ y tangenii, A P and B P, 

to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
part A B traverses the 
point P. Also, construct 
^'^- ^^- a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to ectch other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and B. 

Rule II. — Given, in a vertically-losided chain, the total load, 
and the figure in which the chain hangs; to find the distribution 
of the load, and the tension at any point of the ohain. Construct 
the diagram of forces, ^g., 74, as follows: — Draw a vertical straight 
line, C D, to represent the total load, and from its ends draw C 
and D O, parallel to two tangents at the points of support of the 
chain, and meeting in O ; those lines will represent the tensions 
on the chain at its point of support. 

Let A, in fig. 73, be the lowest point of the chain. In fig. 74 
drnw the horizontal line O A', t\^ ''willl xe^^^^afe the horizontal 
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component of tlie tension of the chain at every point, and if O B be 
parallel to a tangent to the chain at any point B, A B, in fig. 74, 
'will represent the portion of the load supported between A and B, 
and O B the tension at B. 

KuLE III. — Given, in a vertically loaded chain, the load and its 
distribution ; the points of suspension, C and C (fig. 
75), which points are supposed at the same level, 
and the horizontal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
the chain will hang. By Rule XXI. of the pre- 
ceding section (page 164), find the resultant load, 
R ; then by Rule XIX. of the same section (page 
163), find the vertical components, P and F, of the 
two supporting forces (equal and opposite to two 
parallel components of R through C and C). Then, 
Irom the known distribution of the load, find 
the position of a vertical line, A E, dividing the 
total load, R = P + P, into two parts equal to the adjacent 
supporting forces, P and P respectively; the point A, where 




Fig. 74. 




Fig. 75. 

that vertical line cuts the horizontal tangent H IT, will be the 
Unoest point of ike chain. Next, to find the horizontal tension; 




conceive the chain divided into two parts by a vertical plane 
through A F j take the resultant moment, xelatiN^Vy \iCi \3ckaX» ^^\ia^ 
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of all the vertical forces which act on one of those parts: for 
example, of the supporting force P, and of those parts of the load 
which hang between C and A ; divide that moment by the greaJM 
depression, E A; the quotient will be the horizontal tension. 
Lastly, to find the depression, X £, of any other point, £, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between and 
£; divide that resultant moment by the horizontal tension; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H2 + P'2), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the curve of equilibrium 
for a rib loaded in the same manner with the chain. The tensiona 
in the chain became thrusts in the rib. 

5. Chain* -frith liOad Uniform OTer the 8pan« — The assumption 

that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines throng 
them. The curve B A C is a common parabola, with its vertex at 
A. JjetB 1^ = a; BD = j/j^; C E = y^; AD = x^; A.E = x^; 
so that a?! + oTg = a. 

Rule I. — Given, the elevations, y^, yg* ^^ *^® *wo points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find the horizontal distances, x^, x^t of the lowest point from the 
two points of support : also the focal distance, m, of the parabola. 

a, = a- , ^^^ ; x^ = a- , ^ ^^ , 
m 



^Vi-^ ^y^-^ ^'Jvi y^ 

When the points of support are at the sazs^e levels 



a a* 



Vi = y2'> ^i=^^% = ^^'^^ i^ 



Vy 



In the latter case the height y^ = y^ is called the de^preisvm, 
KuLE II. — Given, the same data, to find the inclinationsy fp ftp 
of the chain at the points ol ftu^^^^**^ 
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when the points of support are at the same level, 

Vi = ^23 ta^ h = tan t2 = -^- 

KuLE III. — Given, the same data, and the load, p, per nnit ol 
length : required the horizontal tension, H, and the tensions, R^ "B^ 
at the points of support. 

H = 2;?m = ^^ 



When the points of support are at the same level, or that y^ = y^ 
those equations become 

H.f|;E..E..Hj(l.>i|?). 

KuLE rV. — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B = «j, and AC = «2> ^7 
the rules of page 79, Article 5, and add them together. 

BuLE Y. — Given, the same data, to find, approximately, the 
small elongation of the chain d (s^ -f- 8^ required to produce a given 
small depression, d y, of the lowest point A, and conversely. 

^(h + ^2) ^^(vx + y£\ 

dy 3 Vari xj' 

When y-^ = ygj *^ equation becomes 

2d 8. 16^1 
dy 3a 

These formtdce serve to compute the depression which the middle 
point of a suspension bridge undergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

Rule VI. — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
saddle^ on which it is free to slide, the tensions of the portions of 
the chain or cable on either side of the 8add\fi ^^nW. V^ ^^t^ss^^ 
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ec^ual; and iu order that those tensions may compose a vertical 
pressure on the pier, their inclmations must be equal and opposite. 
Let i be the common value of those inclinations; R the common 
value of the two tensions; then the vertical pressure ocl the pier is 

V = 2 E sin t = 2 H tan 1 = 2^? a;; 

that is, twice the weight of the j)ortion of the bridge between the 
pieF and the lowest point, A, of the chain. 

But if the twa divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let t, t', be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and B^H'^ their tensions; then 

B, = H sec i; R' = H sec i';, 
V = R sin i + R sin i' = H (tan i + tan C). 

6. The CatenaiT is the curve in which an nniform chain hangs, 
when loaded with its own weight only, or with a load everywhere 
proportional ta its own weight. (See ^g^ 22, page 80, and its 
explanation.) 

Rule I. — Given, in Gg. 77, the catenary A B, and its diredxix 

O X, and the weight of an unit of length of 
the chain; to find the hoiizontal tension. 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

Rule II. — To find the tension at any 
point, B, of the chain. Multiply the height 
of the ordinate X B front the directrix to 
Fig. 77. *^® given point, by the weight of an unit of 

length of chain. 

7. A Catenarian Kib is of the figure of a catenary inverted, the 
directrix being above the curve, and the euive concave downwards. 
To represent it, conceive Gg. 77 to be turned upside down. It ia 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the area, O A B X, 
of the spandrUf or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an nnit of area of spandnl; to find 
the horizontal thrust. Multiply the square of the parameter A 
by the load per unit of area. 

Rule II. — To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter O A, the ordinate X B, and the load 
per unit of area. 

A Transformed Catenarian Rib is a CUrve SUch aS a 6 in ^g, 77 

(still supposed to be tumed \r^&\d<^ dd'^u^^bioh carve is so related 
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to the common catenary, A B, that the ordinates drawn to it from 
the directrix, O X, of both curves, such as Oa and X6, bear every- 
where a constant proportion to the corresponding ordinates, such 
as O A and X £, of tibe common catenary; or, in symbols ^ 

^ = :^r^ = ^r-T- = - = constant. 
y X B O A m 

A transformed catenary is a form of equilibrium for an arched rib 
loaded in such a manner that the load on any arc, a 5, is propor- 
tional to the area of spandril, O a 6 X. 

Rule III. — Given, in a transformed catenary, the least ordinate^ 
O a = a; any other ordinate, X 6 =y; and the ha]f-span, or 
distance between them, O X = a; to find the parameter, O A = m, 
of the corresponding common catenary. Use the following formula r 



tn 



= «.hyp.log.(|+Y^5_l). 



(For hyperbolic logarithms, see page 38. For squares ajid square 
roots, see page 11.) 

BuLE IV. — In a transformed catenarian rib under a given load 
per unit of area of spandril, to find the horizontal thrust ; multiply 
the square of the parameter A O (found by Rule III.) by the load 
per unit of area of spandriL 

Rule V. — To find the thrust along the rib at any point, B; let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril, O a 6 X; T, the required thrust; then 
T = V(H2 + P2). 

Rule VI. — To find the radius of curvature of a transformed 
catenary at its vertex or crown, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at its vertex. A, 
is equal to ^e parameter,. Q A.) 

Table fob Catenabian Ribs. 
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To interpolate the ordinate, y dbz v^ corresponding to an inter- 
mediate half-span, x z±i u, when ^ corres^nds to - in the table; 
make 



a a\ 



w 



^'^2m^'^24: 



nn0—adx\m'^6^^) 



This computation is to be peiformed by addition to the number 
next below in the table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. Uiiif#nnif PrcMcd Hoopc — ^The stress on a hoop is tension if 
it is pressed from within; thrust if it is pressed from without. If 
the pi'essure is uniform, of equal intensity in all directions^ and 
normal to the hoop, the form of equilibrium of the hoop is a circle. 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

Rule I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLE TI. — To find the ratio of the greater and lesser axes of an 
equilibrated elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

Rule III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes ; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A Hydrostatic Rib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and whidi, at 
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Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvatiu^e at each point, such as C, is inversely proportional 
to the depth of spandril, C Y, 
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^The total thrust at every point of a hydrostatic rib is uniform^ 
and is equal to the load on the half-rib A B. 

In what follows, the rib is supposed to spring vertically from its 
abutments at B, B. 

BuLE I. — Given, the half-span, F B ss c, and the rise, F A = a, 
of a hydrostatic rib; to find the proper depth of load at the crown, 
A O = Ay cupfTooemMdy. 

Make 6 = c + qTj— ; then h = ±a _ z ? ^^^^1* 

Bulb II. — To find the area of spandril corresponding to the 

T 

uniform thrust along the rib; call that area -, in which T repre- 
sents the thrust, and lo the load per unit of area of spandril; then 

BuLE IIL — ^To calculate the thrust; being also the load on 
the half'-rib. 



T = to(^+aA). 



BuLE lY. — To find the radius of curvature at a point where' 
the depth of spandril, T C = a?, is given; divide the area found by 
Bule II. by the depth of spandril; that is to say, let r be the 
radius of curvature at C; then 



r = 



2a; 



The radii of curvature at the crown, A, and springing, B, are as 
follows : 

At A, r, = — 5^— ; at B, r,«^^j-:p^- 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of approximation 
by drawing a series of short circular arcs* 

Bule v . — ^To draw, approximately, the figure of a hydrostatio 
rib with three radii only. By Bule IY., find the radii of curva- 
ture, r^, r,, at the crown and springing. From the crown. A, 
draw vertically A s=: r^; and from the springing, B, draw 
horizontally B D = r, . C and D will be the centres of curvature 
for the crown and sprmging respectively. 

About D^ with the radius DE^&FA — BD, describe a circular 
arc, and about C, with the radius £ = ¥, dMifir^ ^s&s^i^^t 
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circular arc; let E be the point of mtereeotion of th«ee sres; tiw 
-will be a third centre; tmd two more centres will be Binulariy 
Bitaated to D and E with respect to the other half-rib. 

Then about C, with the radiuB A, drnv the 
circular are A G till it euta C E produced in G; 
about E, vith the radius £ O = F A, draw tlw 
circular arc G H till it cute E D produced ia 
H; about D, vith the radius D 'B, draw the 
circular arc H B. This completes one half-ril^ 
and the other is drawn in the same manner. 

The curve thus drawn fella a little bejood 
the true hydrostatic rib at G, and a littla 
within it at H. 

10. A Uib »r BBT Fi|nn, under a vertvuU load 
dislrUmted in any manner, being given, it a 
always possible to dctermiue a syetem of hori- 
zontal pressures, which, being applied to thit 
rib, will keep it in equilibrio. 

finLE L — To find the total horizontal pm- 
Bore against the rib below a given point. In fig. 80 let be acf 
point in the rib, and A its crowiL 




r — 




- 


r 


1 






Fig. 80. 



Bg. 81. 



In the diagram of forces, fig. 81, draw o c parallel to a tangent 
to the rib at C. Draw the vertical line o & as a scaie qfloadi, on 
which take oh=^F to represent the vertical load supported en th> 
arc A C. Through h draw the horizontal line h c, cutting o • in <; 
then oc ^^T will be the thrust along the rib at C, and A e ^ H, 
the borizoDtal component of that thrust, will be the total horizoMUi 
presaare tekich mvet be txerUd against C S, the part ijf tit fi 
bdowG. 

At the crown. A, the precedii^ Hule fuls; and the following is 
to be used. 

Rtn.K II. — To find the thrust at the crown ef the nb; mnlt^ 
the radius of curvature at the crown by the Tertioal load per UmI 
imi t of span then^ ' 
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Bulb III. — To find the horizontal pressure required in a given 
layer of the spandril. 

Let C (fig. 80) be a point in the rib a short way below 0. In 
the diagram of forces (fig. 81) draw o d parallel to a tangent to the 
rib at C'j on the vertical scale of loads take o Ky vertical load 
on the arc AC; draw the horizontal line K d cutting o c' in d. 
Then o </ = T' is the thrust along the rib at- C; and A' c' = H', the 
horizontal; component of that thrust^ is the horizontal pressure 
which must be exerted against the part of the rib below 0'. H being, 
as before, the horizontal component of the thrust at C, the difierence 
H — H' will represent the horizontal pressure required to be 
exerted through the horizontal layer E 17 CT. 

If H diminishes tn going downwards, as in the example given, 
pressure from vnthout is required through the layer. Through 
those layers at which H increases in going downwa/rds, either tension 
from loithoiUy oic 'pressv/re from toithiUf is required to keep the rib 
in equilibrio. 

Bulb IV.— ^To find the greatest horizontal thrust,, and the 
•'point of i^pture," and "angle of rupture." 

Through o, in fig. 81, draw a number of radiatihg lines, such as 
oc, od, &o., parallel to the rib* at various poiQts, as C, C, <&c., and 
find, as in Bules L and III., the lengths of those lines so as to 
repi'esent the thrust along thi^ rib at the several points C, C, &o. 
The length of the horizontal line, o a, representing the thrust at 
the crown, is to be calculated as in Bule II. Through the points 
a, c, C, &c., thus found, draw a curve. Find the point, d, in that 
curve which is farthest from the scale of loads, o 6>; then the 
horizontal line dh=i H^^ will ]::epresent the maximum, horizontal 
thrust. 

Join od^ and' find' the point, D, in ^%, 80, at whit;h the rib is 
parallel to o (/; this is the "point of rupture," or point at which 
the horizontal thrust attains a maximum; and the "angle of 
rupture" is the inclination of the rib at that point, or .^^ dfo a, in 
fig. 81. 

The horizontal plane D F is the upper boundary of that part of 
the spandril which exerta the maximum horizontal pressure Hq. 

SBonoN III* — Stability op Masonby. 

1« PTCMore of Earth and Water against Wallik — BuLE I. — The 

Centre ofPresswre of a rectangular vertical plane pressed by a mass 

of water or of earth is at ^ of the total depth down fi*om the upper 

snrfaoe of the water or earth. 

Bulb II, — ^The Direction of the Pressure against a vertical plane 
\b, for water or a bank of earth in horizouUi la^^t^^ \iQt\a£^'c^A^\ 
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for a bank of earth in uniformly sloping layers, it is sensiblj 
parallel to the slope. 

BuLE III. — To find the amount of the pressure of water against 
each foot in breadth of a vertical plane; multiply the halfHsquara 
of the total depth by the heaviness of water {62'4i Iba. to the cubic 
foot). 

For the hecmness of earth, see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope oi earth in engineering works ought, as far as 
practicable, to be ascertained by observation on the spot : — 



EABTH. 



Dry sand, clay, and mixed | from 

earth, j to 

Damp clay, 

Wet Clay, j ^^^ 

Shingle and gravel, | °?? 

p-t -l^S 



Anjto 


Co-effldent 
of 


Bepofsei 


Friction. 


9 


f 


K 


075 


21" 


0-38 


< 


I'OO 


< 


0*31 


14" 


0*25 


^l 


I'll 


K 


0-70 


< 


fO 


14° 


0-25 



Castomtry 
deslgnaAkm of 
Nataral Slope: 

1 -^/to 1. 



1*33 to I 

2*63 to I 

I to I 

3*23*01 
4to I 

0*9 to I 

1*43 to I 
I to I 

4to I 



The most frequent slopes of earthwork are those called \\ to 1, 
and 2 to 1, corresponding respectively to the co-efficients of friction 
0-67 and 0-5, and to the angles of repose 33^° and 2^, nearly. 

Rule IV. — ^To find the amount of the pressure of a bankcrf 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows : — 

In fig. 82, from one point, O, draw two straight lines, O M X 

and K, making with each other 
the angle M O H =s ^, the angle o( 
repose, or natural slope of the earth 
About any convenient point, M, in 
one of those straight lines, describe 
a semicircle, TEX, touching tiie 
other straight line in E. (This may 
be done by describing the dotted semicircle M K O, so as to find 
the point K.) Then 

Case I. — If the bank is in horizontal layers, the required ratio is 

O Y / 1 - sin (P^ 




-wrx 



O Y / 1 - sin(p \ 
2LV \^«Mi<^]- 



PRE88UBS OF EABTH — FOTTIIDATIOKS. 181 

Case II. — If the bank is in layers sloping at the natural slope, 
the required ratio is 

OR, , 

Case IIL — If the bank consists of layers sloping at any less 
angle ; draw O Q F, making the angle M O F =^ the actual slope 
of the bank; from F draw F W perpendicular to F; then the 
required ratio is 

OQ / cos ^ - ^(008^ ^ - cos^ <P ) 

O W V ^® ' * cos ^ + ^(cos2 - cos2^y 
in which tf = .^ M F). 

2. JAmA o. Ordln«T F—daUon..-- J^SiSF^t 

First Class: rock, moderately hard; strong as) 

the strongest red brick, J ^ 

y, Tock of the strength of good concrete, 3.0 

„ rock; very soft, i*8 

Second Class : firm eairth ; hard clay ; clean dry \ 

gravel; clean sharp sand, pre- >from i to 1*5 
vented from spreading sideways, j 

Third Class: soft or loose earth; let ^ be the angle of repose; 
then; 

Rule LV-To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 



(1 - sin 0\^ 
1 + sin ^/ 



Rule IL* — ^When the load produces an miiformly-varying 
pressure, to find how fer the centre of pressure may safely deviate 
ti-om the centre of figure of the base of the foundation; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percussion from the centre of figure of 
base by 

2 sin 

1 + sin^ ^ 

For a rock foundation the value of this multiplier is 1. 

Rule III .*— In the case referred to in RiJte II .*, to find the 
least weight of earth, to be displaced by the foundation; multiply 
the total load \^ 

(I — sin ^)* 

1 + sin? ^ * 
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Rule IV.* — In the case referred to in Rule I .*, and when the 
had above ground alone is given ; to find the least weight of earth 
to be disj)laced by the foundation ; let w be the heaviness of the 
earth, and w^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids, if any); then divide the 
load above ground by 



(1 + sin ^\2 
1 — sin ^/ 



w 



Rule V. — ^To find the depth of a foundation; divide the weight 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Least depth to escape injurioiLa effects of frost = from 3 feet to 
6 feet according to climate. 



Table of Functions of Angles of Repose. 



1 + sin ^ 
1 — sin q) 

1 — sin 1> 



1 + sin (p 

(1 + sin <P\2 
1 - sin J ^'^^o 

(1 — sin (p\2 



15° 20** 25° 30** 35* 40° 45^ 
1700 2*145 2-464 3 '000 3*690 4*599 5*826 

0*588 0*466 0*406 o*333 0*271 0*217 ^'^7^ 



1 + sin^ ^ 
(1 — sin ^)2 

(1 — sin <pY 
1 + sin^ ^ 

2 sin ^ 
1 + sin2 q> 

tan ^ 

cotan q> 



I '945 
0-514 

0*486 

0*268 
3732 



4*472 6*070 9'ooo 13*619 21*152 33*94 

0*224 o'i$5 o*iii 0*073 0*047 0*0295 

2*73^ 3-535 5000 7*310 11*076 17*47 

0*421 0*283 0*200 0*137 0*090 ox)57 

0:579 o*,7ij 0*800 0863 0*910 0*943 

0*364 0*466 0*577 0*700 0*839 1*000 

2*747 2*145 1*732 1*428 1*192 1*000 



3. lioad on Piled Foandations. — Ordinary working loads on the 
heads of piles : — On piles driven till they reach firm ground, 0*45 
ton on the square inch ; on piles standing in soft ground, by Mction, 
0*09 ; ordinary values of greatest load which piles will bear without 
sinking further, from 0*9 to 1*35 tons on the square inch area of 
bead 
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The following are rules applicable to pile-driving : — 

Let P be the greatest load which a pile is to bear without sink- 
ing farther (in tons); 
W, the weight of the ram used for driving it (in tons); 
^ the lieight from which the ram falls (in feet); 
Z, the length of the pile (in feet); 
Xy the depth it is driven by the last blow (in fractions 

of a foot); 
S, its sectional area (in square inches); 
E, its modulus of eilasticity. 

(Approximate values of E in tons on the square inch— elm, 400 
to 600; alder, about 500; beech, about 600; sycamore, about 500; 
teak and saul, about 1,000 ; greenheart, 500 to 600.) 

E.ULE VL — Given, all the above quantities except x; then 

X = — :;^ 



4ES- 



The pile must be driven until the additional depth gained by each 
blow, of the Clergy W h, becomes not greater than a;, as given by 
the above rule. 

Rule YII. — Given, all the above quantities except W A, the 
energy required for the final blow; then 

p2 7 

Kule YUL — ^Given, all the above quantities except P; then 

4. The lioad Sapported by a Screw Ptte in practice ranges from 
3 times to 7 times the weight of the earth which lies directly above 
the screw-blada 

o, Horimontai Besisimnce of Eurtli. — ^Let !R denote the resistance 
opposed by a stratum of «arth to the pushing or dragging of a 
rectangular plane surface through it horizontally; to, the heaviness 
of the earth; ^, its angle of repose; 6, the breadth of the surfece; 
Xy the depth to which its lower edge is buried; af, the depth to 
which its upper edge is buried; Xq, tiie depth of the resultant of 
the resistance below the upper surface of the earth. 

Bulk IX. — To find the resistance; 
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BuLE X. — To find the positLon of the resultant; 

**^ "■ 3 {aj2 - «'«)• 

6. P f i i M Mc mt Wtad.— KuLB XL*-To estimate the greatest prob- 
able amount of the pressure of wind against a dbimnej or tower; 
if the edifice is square, take the area of its vertical cross-section; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot) 

BuLE XIL — To find the position of the resultant of that pressure; 
find the centre of magnitude of the vertical cross-section^ (See page 
83.) If the edifice is pyramidal or conical, divide the difference d 
the outside diameter at the base and top by 3 times their sum; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

BuLE XIII. — To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonry 
or brickwork diminishes. 

7. stabiutj of Abatmenu (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

BuLE XIV. — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consisteniiy 
with stabUUy of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case I. AbittTnents a/nd Piers of Arches, — Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate farthest; the required position of the centre of pressure 
will be the centre of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pases 
give the distance of the centre of pressure from the £Eirthest e4ge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required 

Case n. Retaining Walls. — Greatest deviation of the cenk« of 
pressure from the centre of figure, as fixed by practical experience 
= from 0*3 to 0*375 of the whole thickness of the wall at the given 
bed-joifit. 

BuLE XV. — Given, the load on a bed-joint and the position of 

the centre of pressure ; to ^nd Bop^Toximately the intensity of the 

preaaure at the edge to wlaicbi t\i^ cfeii\»x^ oi Y^«a&xs:tfc Ss^ \^<i3ani^\\a 
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Case L of Hule I. divide twice the load by the area of the bed ; in 
Case IL multiply the breadth of the bed by (mce-and-OrhcUf the 
distance of the centre of pressure from the nearest edge of the bed, 
and with the product as a divisor, divide the load; the quotient 
will be the required intensity. 

The intensity of pressure thus found ought not to exceed (me- 
eighth of the pressure which crushes the material of the building. 

HuLB XYL-^To calculate the tnomerU of stability of an abiUment 
at a given bed-joint; multiply the weight of the masa of material 
above the bed-joint by the horizontal distance of a vertical line, 
through the centre of gravity of that mass, from the limiting 
position of the centre of pressure of the bed-joint. 

Rule XVII. — To find the proper tbicl^ess for an abutment 
with a rectangular horizontal base £rom the following data i — 

H, the horizontal component, and Y, the vertical component, of 

the thrust to be resisted ; 
X, the vertical height of the line of action of that thrust above 

the backward edge of the base of the abutment. 
by the breadth of the abutment; 
hy its height; 

Wy the heaviness of its material; 
n, the proportion which its bidk bears, to that of the circum* 

scribed rectangle; so thai if t be it& thickness at the base, 

nwbht is its weight; 
qy the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the base. (See Eole XIY.) 
r, the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

nialLO ^^ -A- (^*^)^ _B- 

n{q z±z r)whb ' 2n {q =±; r),w hb ^ 



using ^ -I- r if ^ and r represent deviations in contrary directions, 
and q -- rjf they represent deviations in the same direction; then 
the required thickness is 

t= ^ ( A + B2) - B. 

If the thrust to be resisted is wholly horizontal, t = J A simply. 
In a vertical solid rectangular abutment n = 1 and r = 0. 

Rule XYIII. — To find the direction of the resultant pressure 
at any bed-joint ; let W = nwbht represent the weight of material 

in the abutment above that joint; then :== ^ is the ta/ngent of 

the angle made bjr that resultant witb the vertioaJL \tl ort^'st "^^ 



186 BALANCE AND STABILTTr OF STRUCfTUBBS. 

the abutment may possess stahiUM/ of friction (that is, be safe 
against giving way by the sliding of one course of masoniy upon 
another); the normal to each bed-joint ought not to make a greater 
angle with the direction of the resultant pressure at that joint tkin 
the angle of repose of fresh masonry ; that is, from about 25° to 36°^ 
Should horizontal bedrjoints prove too oblique to the pressare, 
sloping bed-joints may be substituted for them. 

Kemabk. — In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at the 
base; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of application of the tkrust; and it is to 
the latter joint, therefore, that Kule XVIII. is to be applied. 

KuLE XIX. ^^To find the proper thickness for a vertical redr 
angvlwr retaining loall, of a hdLght equal to that of the bank which 
presses it. 

In each case let tc?' be the heaviness of the earthy ^ its angle of 

repose, and let — be the ratio ctf the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule IV. 
of this section. Also, let h be the height of the wall, «?, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre ^of the base to the required thickness t. 

Case I. — Bank in horizontal layers : — = = : .: 

•^ ' p 1 + sin ^' 

h V \" S' '*^P^ 
let<7 = |;then| = |-^(^), 

(For a reservoir-ivall, make te/ = 62*4 lbs. per cubic foot; and 



- = 0- 
p J 



'Case IL — Bank in layers of indefinite extent, at the natutal 

slope ^: — = 1. 
P 

^^^ «> W ^ (g4.i)^'cos»sin» ^ ^^ 
D qU) ^ q w 



1=\/^ 



■+ 62 « 6. 



Case III. — Bank in layers K)f indefinite extent, sloping at any 
angle 6 less than ^ "Find - \>3 l^\Aa W, Tlx<an make 
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• - • COS* tf = a: 1 I ^+ i I - cos ^ sin tf = 6: and 



6 q w p 



z= J a -i- b^ - h. 



Case rV. — Surcharffed TToff.— Bank rises from wall at natural 
dope up to height c above top <^ wall, or e + A above base; and at 
)hat height has a horizontal upper sor^Euse. Let the thickness, calcu- 
Ated as in Case L, be <; the thickness, calculated as in Case II., 
(' j and the required thic^ess, f. Then 

^ _ ht -h 2ct! 
h+ 2c ^ 

The strength of a retaining wall at its base should be tested by 
Kule XY. of this section, and the stabUity qfjiriction by Ride 
XVIII. ; and if the latter is found to be insufficient with horizontal 
beds, the beds may be sloped back ; and then the back of the wall 
should be formed into steps, with the rise perpendicular to the 
beds. 

Rule XX. — ^Having designed a vertical rectangular retaining 
wall, to modify its figwre without diminishing its stability of 
position. 

The face of the wall may l>e either battered, stepped, or panelled, 
80 long as the centre of gravity of the part taken away does not 
fall behind a vesical kne through the limiting position of the 
centre of pressure of the base. When the face has a straight or 
curved bartter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight. 

Rule XXL — For retaining walls of uniform thickness which 
lean or overhang backwainls, let r be the ratio whioh the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the thickness ; then put q •¥ r instead of q in the denx)- 
fninators of the expressions in Rule XIX., and they will become 
applicable, without material eiror, to the pi-esent case. The beds 
ought to be built perpendicular to the face. 

Rule XXII. — Given, the dimensions of a wall with counter- 
forts; to find the thickness of a plain wall of equal stability. Let 
t be, the thickness and b the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 



/ /6<2 +.cT2\ 



188 BALANOB AND 8TABIL1TT OF STBUCTUBECL 

8. flt«iie aad Brick ArdMfc — EULB XXIIL — To find the hott 

proper thicknms/ar the arck-ring of a proposed arch ; find the longest 
radius of curvatare of the arch; then take a mean proportioiial 
between (that is, the square root of the product of) that radius and 
a constant whose values are as follows : — 

For an arch above ground, standing solitary between 
its abutments, 0*12 

For an arch forming one of a series of archeSy with 
piers between them^ 0*17 

For an underground archway in hard material (such 
as I'ock or conglomerate), 0*12; 

For an underground archway in gravel or firm 
eai*th, 0*27 

For an underground archway in wet day or quick- 
sand, ^ 0*48 

BuLE XXIII A. — To find the level up to which the hadang d 
the arch should be built before the centre is struck; take a mean 
proportional between the radius of curvature of the intrados (or 
inner profile) of the arch at its crown, and the thickness of tbe- 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the otUer surface of the arch-ring. 

EuLE XXIY. — For a roitgh approximatian to the horizonial 
thrust of an arch, take the weight of the vevtical load that is 
supported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon is 45°. 

EuLE XXY. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rib coinciding with 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum hoiizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed arch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stahle^ 
throughout 

Case II. — If the supposed rib requires horizontal pressure from 
without up to a certain point 0/ rupture only^ and above that point 
requires horizontal tension to give it equilibrium, the actual arch 
is stable up to the point of rupture, but above that point it may 
be stable or un^i^table;^ and its stability m,ust be further tested as 
follows : — 
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189 




Fig. 8d. 



In fig. 83 let B C A represent one-balf of a symmetrical arch ; 
K L D E, an abutment, aad C, thejoiTU o/rupiua'e, drawn perpendi- 
cular to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a vertical 
joint. 

Find the centre of gravity of the 
load between the joint of rupture, 
C, and the crown, A; and draw 
through that centre of gravity a 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of lines, one 
parallel to a tangent to the assumed rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Should it be impossible to make the pair of points fall within the 
middle third of the arch-ring, its thickness must be increased. 

BuiiE XXVI. — To adapt Trcms/ormed Catencmcm curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the irUraaos (or inner profile) of the arch, 
and the extrckdoa (or outer profile) of the arch with its solid back- 
ing, take two Isttnsformed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take -either 
the horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the horizorUal thrust; multiply the square of the 
parameter by the mean load per square foot area of spandidl (allow- 
ing for the voids, if any, between the spandril walls); and then 
multif^ the product by the ratio in which the depth from the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the depth of the keystone. 

KuLB XXYIL — ^To adapt the figure of the hydroatcUic ri6 to an 
arch of masoniy. (See Article 9 of the preceding section, page 
177). For the intrados take the figure of the hydrostatic rib, and 
make the arch-stones of an uniform thickness, determined from the 
radius of curvature at the crown by Rule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

Bulb XXYIII. — To find the resultant horizontal thrust against 
a pier that stands between two equal arcbes, "svbsxi qil^S&W.^^ 
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with a travelling load in addition to its own weight, and the other 
with its own weight only; multiply the travelling load per unit of 
span by the radius of curvature of the centre line of the arch-ring 
at its crown. 

EuLE XXIX. — To represent approximately the amount and 
distribution of the load upon any part of the centre (or temporary 
fmming) which supports an arch in progress of construction. 

Case I. Circular A'Kch. — In fig. 84 let O A be the radius of 
the intrados, and A £ a circular quadrant of which the intrados 
forms the whole or pai*t. Conceive that the Aa^of the radius A 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distribution of the- 
Ipad on the part C D of the centre. 

From C draw C E 11 A Oj bisect C E in F, from which dia^ 

F H II O B;^ di-aw D G jj A 0; 
then will D G represent the nonnali 
pressure on each lineal! foot of the 
outer surface of the centre at the 
point D; and the shaded area, 
C D G F, will represent the verti- 
Tj.. « . T?- OK cal component of the load on the 

Fig. 84. Fig. 86. ^^^^ between C and D, both in 

amount and in distribution. 

The point H is that below which the areh-stones cease to press 
©n the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is repi'esented by fig". 85. Bisect 
the vertical radius A in K, and conceive A K to represent 
the weight per foot of intrados; draw K L || O B; E will be a 
point below which the stones do not press on the rib (supposing 
the arch to extend so far). Let D be any point in the 
intrados; di-aw i) M || A O; then D M represents the normal 
pressure on tho centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load on 
the centre between A and D. 

Case II. NoTircircfula/r Arch, — Find the two points at which the 
intrados is inclined 60° to the horizon; conceive a circular arc 
drawn through them and through the crown of the intrados^. and 
proceed ais in Case L 
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TABLES AND EULES RELATI:^rG TO THE STEENGTR 

OF MATERIALS. 

Section I. — Tables. 



Table I a. — ^Tenacity op Wrought Iron and Steel. 



':} 



Description of Material. 

Malleable Iron. 

Wire — very strong, 

charcoal, 

Wire — average, .... 

Wire — ^weak, 

Yorkshire (Lowmoor), . . . 
„ from 

to 
Yorkshire (Lowmoor) \ 
and Staffordshire > 

rivet iron, j 

Charcoal bar, 

Staffordshire bar, . . . from 

to 
Yorkshire bridge iron,. . . 
Staffordshire bridge iron, 
Lanarkshire bar,... from 

to 

Lancashire bar, from 

to 

Swedish bar,.. ».. from 

to 

Russian bar, from 

to 
Bushelled iron from ) 

turnings, j 

Hammered scrap, 

Angle-iron from ) from 
various districts, j to 



Tenaoitv in lbs. per Square Inch. Ultimate^ 

Lengthwise. Crosswise. Eztoision.. 



114,000 Mo. 

86,000 T. 
7 1,000 Mo. 
64,200 F. 52,490, F, 

60,075/ ^- to- 



20 
26 



59,740 F. 



0*2 to 0*23 



63,620 
62,231 > 

56,715/ 

49,930 

47,600 

64*795 I 

51,327 J 
60,110 ) 

53,775/ 

48,933 , 

41,251 . 
59,096 

49,564 / 

55,878 

53,420 
61,260 ) 
50,056 / 



F. 

N. 

F. 43[,940 F. 
F. 44,385 

K 

K 

N. 
K 



0*2 



*Q29 
•036 
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Table — comJtii'Miai, 



Descrlptioii of BiateriaJ. 



Straps from vari- ) from 
ous districts, ... j to 
Bessemer's iron, cast 

ingot, / 

Bessemer's iron, ham- 
mered or rolled,.... / 
Bessemer's iron, boiler 

plate, / 

Yorkshire plates, . . .from 

to 
Staffordshire plates, from 

to 
Staffordshire plates, ) 
beStA^est, charcoal, J 
Staffordshire ) &om 
plates, best-best, j to 
Staffordshire plateis, best, 
Staffordshire plates, ) 

common, J 

Lancashire plates, ........ 

Lansurkshire plates, from 

to 
Durham plates, 



BLE — WWVMiJKL, 

Tenacity in lbs. per Sifnara JsuStL 
Lengthwise. Graaiwin. 

55»937 I V 
41,386/ ^• 

41,24a W. 
72,643 W. 



xntimiiB 



{ 



'I08 
-048 



P. 



68,319 W. 

58,487 \ IT SS,€>33 I v 

52,000 f ' 46,221 f • 

56,996 \ -^ 5i>25i 

46,404 / • 44,764 / 

45,010 F. 41,420 

59,820 F. 54,820 P. 

49,945 F. 46,470 F- 

61,280 F. 53,820 P. 

50,820 F. 52,825 P. 

48,865 P. 45,015 P. 

53,849 I V 48,848 ) ^ 

43,433/ "^^ 39,544/ ^• 

51,245 K 46,71a 



{ 
{ 



•109; -059 
•170; '113 
•04; •034 

•13; •oSP 



-05; •045 

•05; "osS 
•067; •04 

•077; -045 
-05; t)43 
•043; -oaS 

f -033; •014 

I 093; -046 

-089; '064 



Effects of Reheating cmd RcUing, 

Puddled bar, 43,9^4 

The same iron five] 
times piled, reheated > 61,824 
and rolled, ) 

The same iron eleven ] 
times piled, reheated > 43,904 
and rolled, j 



^ a 



Strength of Large Forging 8, 

Bars cut out of ) from 47,582 ) ^^ 44,578 

large forgings, j to 43,759 j ' 36,824 

Barscutoutofkrge^ 33,600 IkL 



{ 



•231; '168 
•205; -064 



ttsACSTT OF num Am bksl. 
Tabu — eontinued. 

Tmudtf la Dm. IMF Scmu* Inoh. 



Steel aud Btselt Iboh. 

Castateelbars,rol-)fi:om 133,909 ) ^ J '^S^ 

Si \ -IS; 



104,398 N. -097 



led end foisted, / to 93,015 1 

Caat Btee! bars, rolled 1 Tqo.000 

and forged, t ^ "^^ 
Blistered steel bars, I 

roUedand forged..., j 

Stear ateel bats, rolled t ,,0 .«o m- ...- 

Bessemer's steel bus, I ,,, k v „., 

Bessemer's steel ban, \ r. -nr 

oatmgot, Z:} 'S'""* '^^ 

Beasemer'B steel bars, 1 ™. 

hammeredorTolled,/ * '^ 

Springsteelbarvbam-i j^ g„ jf. -i8o 

mered or tolled,.... r ' '^ ' 

HomofKneoua metal) ^ _ ■«■ ..^ 

l»r.f™ned I !»•'« "• ■« 

Homogeneou. metoll j, 

bars, rolled,... J '"'' 

Paddled steel ) 



bar8,Tol]edaiidJ.^"™ V'*H\ 



'ilirom 7i,4E 

fo^, f to 6='.J*8/ "■ )-09i 

Paddled uteel bars,! oooo^ F * 

rolledandforged,... ) ™' 

Puddled steel bars, ) . ___ x, 

i^Uedandforged,..!; »<'"' *•■ 

Moahet's gan-metaJ, 103,400 F. 0*034 

Cast ateel plates,. ...from 96,389) «■ 97,308 I „ / -057; -095 

to 75,594) "•69,08a/ ■"• 1-i98;i9fi 

Cast steel plates,... hard, 103,900 In f '031 

Boflj, 85,400 f ' 1-031 

Puddled uteel 1 from 103,593 ) -h ^SiSfiS \ w f"0*8;*oi3 

plates, ; to 7«-532/ '^■67,686/ *'' j •o8ai-o5t 

Fuddled steel plates,.... 93,600 F. vu^ 
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Tabus — wnXinued, 

DesoriptlonoflCateriftt LengSwiM. ^*^^SSwiB^ ExtenBi« 

Coleford Gun-metaL 

Weakest, 108,970 1 'ipo 

Strongest, 160,540 > F. '030 

Mean of ten sorts, '37^340 j "0.72 

In the preceding table the following abbrevuttions are used for 
the names of authorities : — 

C, Clay; F., Fairbaim; H., Hodgkinson; M., Mallet; Ma, 
Morin; N.,* Napier k, Sons; R., Bennie; T., Telford; W., 
Wilmot 

The column headed ''Ultimate Extension" gives the ratio of the 
elon^tion of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocks. 

When two numbers separated by a 8emicok>iii appear in the 
column of ultimate extension (thus *082; *057), the first denotes 
the ultimate extension lengthwise, and the second crosswisa 



Table Ir — Eeshjence of Iron ksd Steeei. 

Metal under Tenrion. ^«»«J? y^'SSS ^^^ "^ 

Tenacity. Tenacity. HaScity. BeeffiM 

Cast iron — ^Weak, i3>400 4,467 14,000,000 1*435 

„ Average, 16,500 5,500 17,000,000 x'^fi 

„ Strong, 29,000 9,667 22,90o,cx>a 4*08 

Bar iron — Good average, .. 60,000 20,000 ^9,000,000 13*79 

Plate iron — Good average, 50,000 16,667 24,000,000! 11*57? 

Iron wire — Grood average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000,0001 31*03 

,, Hard, 132,000 44,000 42,000,000 46*10 

In the above Table of Resilience the working tenacity is for a 
''dead'' or steady load. The modulus of resilience is oedculatad 
by dividing the square of that working tenacity by the modulus of 
elasticity. 

• 
* The experiments whose extreme resnlts are marked IT. were condiiciid 
for Messrs. R Napier & Sons by Mr. Eirkaldy. For details, see TroMtf^ 
tians of the Institution 0/ Bngineers in Scotland^ 1858-59^ also Eixkaldj (k 
^ Strength qflrcn and SteeU 



GENERAL TABLEa 



L 

!able of thb Eesistance of Materials to STBinx^mira aud 

Teabinq by a Djdbect Pull, in potmdi iwoirdupais per square 

inch, 

m •A- Modnhis of 

Tenajatjr, EUtttidty, 

Matebiaul «r ^awtance *• OTBoristanceto 

Teanng.. Stretching. 

ToiTES^ Natubal Ain> Abtifigial: 

Brick ) 

Cement,} 280 to 300, 

Glass, 99400 8,000,000 

g, . / 9j6oo 13,000,000 

' (.to 12,800 to.16,000,000 

Mortar,- ordlnaiy^ 50 

Ietals: 

Brass, cast, ,.«. i^,ooo< 9,170,000 

„ wire, 49,000 14,230,000 

Bronze or Gim Metal (Copper. 8,. )- ^ 

Tin i), ......r..... J 36'°^ 9>900>ooo 

Copper, cast, 19,000^ 

„ sheet, 30,0001 

„ boHs, 36,000 

yy wire...... 60,000 17,000,000 

Iron, cast, variouB qnalities....... {jto 3^;^^ towjooj^ 

„ average, »,... 16,500. 17,000,000 

Iron^ wrought, plates, 51,000 

„ joints, double rivetted;. 35>7oo. 

„ „ single rivetted, 28,600 

„ bars and bolts,... {to 70^000} ^P^ooo^ooo 

^ hoop, best-best, 64,000 

f 70.000 )' 

M wire, < . ' ' > 25,300,000 

^ * (to. 100,000 j ^'^ ' 

„ wire-ropes, " 90,000 15,000,000 

Lead, sheet, 3»3oo 720,000 

Steel bars I 100,000 29,000,000 

' I to 130,000 to 42,000^000 

Steel plates, average, 80,000 

Tin, cast, 4,600 

Zinc, 7,000 to 8,000 
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MATIBIAL8. 



TeMoitj, 

or Resistanoe to 

Tearingi 



Modohiof 

Elasticity 

cr Basistaiioe to 

Rta wmbAnur- 



ImBEB AND OTHER OrOANIO FiBRB: 

Acada, fialse. See ** Locust." 

Ash (Fraodmia eoccdsior), 17,000 

'Bamhoo (Baminua cvnmdmacea), 6,300 

Beech {Fagua syhaHca), 1I9500 

"Birch {Behda cUba), 15,000 

Box {Buanis aejapervwend), 20,000 

CedarofI^hanoii((70eW«Zi&am), 11,400 

Chestnut {Gastary^a Veaca), { ^ J^|^ | 

Ehn(i7?w»t»<5flwnp«rfrw), ^^^^^ |^ 

Fir : Ked Pine {Pimm sylvesbia), j ^ "'^ ^ 

» Spruce (iiW« ««je^w), ^^^^^^ |^ 

„ Larch (Zona ^im>paw), {to lo^^ to 

Hawthom(C7ra^c^pu90asyaoan^), 10,500 

Hazel (porylua Avdlcma), 1 8,000 

Hempen Cables, 5,600 

H0II7 {Hex Aqu\folvum), 16,000 

Hornbeam {CcMrpmus Behdua)^... 20,000 

Laburnum {CytistM Lahu/rrmm), 10,500 

Lancewood {Guatteria virgata), ^3A^^ 

Lignum- Yitffi {Gtiaiacum omci- \ o 

nde), / ">®~ 

Locust {Robmia Pseudo-Acacia), 16,000 

MjahogBJij {Swieiema Mahctgorn), < ^ ai'soo 1 

Maple {Acer campeatria), 10,600 

Oak, European {Quercua aeaaili- ( 10,000 

JloraaLXidQv£rciia pedimctdaia), (to 19,800 to 
., American Bed (Qttercua ) 

rvbra), Z / "'»S° 

Saul {Shorea rolmata), 10,000 

BjcajnoTe{AcerPaeiul(hPkUa/ima\ X3>ooo 

Teak, Indian {Tectona gratia), i5>ooo 

„ AMcan, (1) 31,000 

Whalebone, 7»7oo 

Yew {Taxua boccaita'), ««««*«%% ^^yyi 



1,600,000 

h3So,ooo 
1,645,000 

486,000 

1,140,000 
700,000 

1,460,000 
1,900,000 
1,400,000 
1,800,000 
900:^000 
1,360,000 



1,300,000 
1,750,000 

«,i5o*<»<> 

3,430,000 
1,040,000 
21,400,000 
•,aoo,ooo 
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U. 

Tablb or TSE EssisTAirGE OF Materials to Sheabikg aitd 

(^ • <. Tnmvttw 

B»«g t ano ElMtidtT, 

MAflnrai A TH . to ©rBesMtonoeto 

KeTAUS: «iMnBg. DiatortioiL 

Brass^ wire-drawn, »»«« S,SSO,ooo 

€k)pper, 6,20o,ood 

Jron, cast, 22,700 2,850,000 

1.x - f 8,500,000 

» -^"^^ S«V>oo I to plsooiooo 

Kr:ItedKne, Sooto 800 {^^^ 

„ Sprace, 600 

„ Larch, ....^ 970 to 1,700 

C^ik, ;. 2,300 82,000 

48h and Elm,.... ».«.,.»• 1,400 7^>ooo 



JUL 
Table of tbm RssisTAiroB of Matebiaia to> €ltnsHiNa by a 
Dnuscrr Thbust, in p<mnd8 a/vaircktpins per square i^ 

Besistaaoe 

liATIBIAZJk to 

Cnushing. 

Stones, Natubu ajstd AxnFiciALi 

Brick, weak Bed, 550 to 800 

„ strong Bed, 1,100 

„ fire,. ..»»««« • •• i>7^^ 

Chalk, , 330 

Granite, «...m *. 5>5oo to 11,000 

limestone, marble, .,„^^ 5>5oo 

„ granular, ...M 4,000 to 4,500 

Sandstone, strong, 5>5oo 

„ ordinary, 3>3oo to 4,400 

„ weak,. 2,200 

Bubble masoary, about four-tenths of cut stone. 

iftmss, east^..... 10,300 

Iron, cast, yaiious qualities, 82,000 to 145,000 

„ „ average, ii2^o<y^ 

„ wrought^ a\)ou\» ^6)OQC^ \«^ V^{y^^ 
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Matbriau. to 

Gnuhing. 

Tdcbeb,* Diy^ crushed along the grain: 

Ash, 9,000 

Beech, 9,360 

Birch, 6,400 

Blue-Gum (EtKcUyptiis Globtdtui), 8,800 

Box, 10,300 

Bullet-tree {A chras Siderooct/hn), 14,000 

Cabacalli, 9,900 

Cedar of Lebanon, 5,860 

Ebony, West Indian (Brya Ebenm), 19,000 

Elm, 10,300 

Eir: Bed Pine, 5,375 to 6,200 

„ AmericanYello"wPine(Ptwiwwina6t?M), 5,400 

„ Larch, 5,570 

Hornbeam, « 7,300 

Lignum- Yitse, ^ 9,900 

Mahogany, 8,300 

Mora {Mora excelsa), 9,900 

Oak, British, 10,000 

„ Dantzic, 7,700 

„ American Bed, •« 6,000 

Teak, Indian, •.^ xa,ooo 

Water-Gum (Tristama neri/olia), •• 11,000 



IV. 

Table of the Besistance of MATrsBiAiiS to Breaking Across, 

in p<nmd8 4i^oirdu^poi8 jper aqwure mcL 

Resistance to BmkJnfr 
llATEBiALf. or 

Ifodnlns of BiiptoR.t 

SiomBs: 

Sandstone, .« 1,100 to 2,360 

Slate, 5,000 

* The resistances stated are for dry timber. Green timber is mnoh weaker, haTing 
■ometimes only half the stren^h of d^ timber against cmshing. 

f The modmos of rupture is eighteen times the load which is reouired to break a bar 
«f one inch square, supported aSL two ^ints one foot apart, and loaded in the middli 
betweea the points of sappoxt. 
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atsristiBCS to Braaknig^ 
Hatbsiaubl or 

IfodnloB of Biq»tiire. 

fsCALS: 

IroH, cast, open-work beams, average, ^. 17,000 

„ ,, solid reotaDgalar bais, var. qualities, 33,000 to 43,500 

M w w 91 average, 40,000 

„ wrought, plai» beams, 42,000 

Timbeb: 

Ash, , ^ ,.12,000 to 14,000 

Beech, 9^000 to 12,000 

Birch, „ 11,700 

£lue-Gum, 16,000 to 20,000 

Bullet-tree, «^ « 15,900 to 22,000 

'Cabacalli, ,..^ 15^000 to 16,000 

Oedar of Lebanon, r.... 7>40o 

Chestnut, 10,660 

Cowrie {ba mnnarra aiis^alis), «..>..«. 11,000 

Hbonj, West Tndian, ..^ 27,000 

Ehn, 6,000 to 9,700 

J^: Eed Pine, 7,100 to 9,540 

y, Spruce, ^ ,... 9,900 to 12,300 

„ Ikrch, 5,000 to 10,000 

Oreenheart {H^ectcmdra Eodian), 16,500 to 27,500 

Lancewood, i7>35o 

Lignum- Yitse, « ^ 12,000 

Locust, ^...- 11,200 

Mahogany, Honduras, ii>5oo 

„ Spanish, ^.« 7,600 

Mora, 22,000 

Oak, British and Bussian, zo,ooo to 13,600 

„ Dantzic, « 8,700 

„ American Bed, 10,600 

Saul, ..^,«>..r.*. 16,300 to 20,700 

^camore, ,..., 9,600 

Teak, Indian, ^ 12,000 to 19,000 

„ AMcan, 14,980 

Tonka (fitpteryx edoraia), 22,000 

Water^Gum, - i7>4^o 

Willow {SaUx, various species), •••••- 6,600 
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y. — SUPFLEMEHTABT TABLES FOB WbOUGHT IjUKI AB1> StBKL 

Mean results of experiments by W. H. Barlow, ^^q., F.R& :— 



LbflL on me 
Square Inch. 

Fuddled steel, specimen !.,..• 95f^33 
ff specimen IL^.. 116,336 

cast'in ingots, "^ \ ^®^>753 

Fuddled st^, specimen IIL, — 

„ specimen IV., — 

„ specimen V.,., — 

Homogeneous metal, 1 00,994 

Steely iron, 69,456 



JCTOOC UUSUKBl^ 

Tmurendy 

Loaded. 

LbflL on tbe 

BqjDare Inolu 



Moddnof 
ElaattcHj 



60,000 

^3,750 
52,500 

57,500 

52,500 



Lb&ODthe 
StoaielMlL 



62,500 22,964,000 



20,544,000 
24,802,000 
22,846,400 

23,833,^ 
22,846,400 



Weight of a cubic foot of puddled steel, 485*5 lb& ; of stedj 
iron, 483*6 lbs. (See the Engineer of 3d January, 1862.) 

mrmmgOk of €«id-ir«iied iroa* — ^The foUowing results were obtained 
in some experiments by Mr. Fairbaim on the tenacity of iron. 
(See Manchester Traneactions, 10th December, 1861.) 

Tenacity: TTUiBalB 

Lta. per Square IbqIl Bztaniin 

Black bar, 58,627 -200 

Same bar iron, turned, 60,747 *220 

Same bar iron, cold-rolled, 88,229 *o79 

Cold-roUed plate, 114,913 

Mean results of experiments by M Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. ModahMof 
Lb& on the Lbs. on the Elasticity— Lb& on 
Square Inch. Square Incb. the Square IncL 

Hard steel, untempered,... 74^300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 349I00 24,500,000 

„ tempered, * 121,700 105,800 28,300,000 

The column headed " limit of elasticity" gives the tension up to 
which the elongation was sensibly propoi-tional to the load. The 
results marked (?) are doubtful, because of discrepancies amongst 
the experiments of winch. \^ey ^^ \}ti<& TSied.\\&. 



VL — SnnuMDTAST Tabu iob Casi Ibok 



Xlodiotlroii. 


Dmct 


loDincI 
CnhlEC. 


"^ 


KodmB 


No. 1. Cold blast, 


from 
to 


:'.5s 


sVss 

80,561 


36,695 
39.771 


14,000,000 
i5,38o/xx> 


Nol 1. Hot blast, 


Irum 


i6,i3S 


72,195 
88,741 


29,889 
35,3 '6 


11,539,000 
15,510,000 


No. 2. Cold blMt, 


to 


i^iS 


68.S3J 

102,408 


33,4S3 
39.609 


12,586,000 
17,036,000 


No. 2. Hot blast, 




if:^5 


83,734 
103,030 


28,917 
38,39* 


12,259,000 
16,301,000 


No. 3. Cold blast, 


from 


14,100 


76,900 


35,881 


14,281,000 








47,061 


22,908/300 


No. S. Hot blast, 


from 


15,278 
23^ 


101,831 
104,881 


35.640 
43.497 


15,853,000 

22J33POO 


■without Bolphnr, [ 


















Tongbened cut iron, |[^ 


33^1 


129.876 


z 


— 


No. 3. Hot blast after first 
melting, ._ 




98,560 
163,744 


39.690 
56,060 


- 


twelfth melting, 


_ 














eighteenth melting, ... 


— 










48,000? 


"~ 


~ 


~ 





It is to be onderstood tiut the nnmben ia one line of the pre- 
ceding taUe do not neoessarily belong to the tam» tp«emm of iron, 
each nninber bdng an adnme result fi>r the kind dT irwi spedGed 
ID the first column. 



VU. — HmsuBOB ox TiicBEB to Twirauia 

Wodntu of Bnpton Hodoliu al Tniw- 



JUm, oitbsSqiii 

Ked Fine of Frnaau, i>54& 

„ ofNorway,. 950 

Elm, 1,390 

Oak («f Nonnandy), 3,350 

Ash, IjA^o 



116,300 
61,800 
J6,ooo 
83,400 
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VIIL 



SUPPLEMENTABY TaBLE OF PbOPEBTIBB OF TiMBEB QBffWS Of CSTLOV ) 
SELECTED AND G0MPX7TED FBOM A TaBLE OF THE FbOFEBTIEB OF 
NSnEIT-SIX KINDS OF TiMBEB BY MODUAB AdBIAH MeNDIB. 

Ifodnlnaof Ifodnlnsof xrj^j^fjtm 

Squiue Inch. Square Indi. 

Altiiiel {Artocarpua puheseeru),,,. 1,850,000 12,800 51 

Borate (Chloroocylon Swietenia), 2,700,000 18,800 55 

C!aha Millie (Ft^escoftimma ?),... 2,000,000 13^900 56 
^Jaluvere. See " Ebony." 

^Cos {ArUxxirpua irUegrifolia), 1,810,000 11,000 ■ 43 



1,360,000 13,000 yi 

1,530.000 13,300 57 



Ebony or Calnvere {Diospyros 

Ehenus), r.^.... 

€ral or Hal Mendora ( VaUria 

«p-') I 

Hal Millie {Bern/a AmmonUla), 970,000 15,200 48 

Ironwood. See " Naw." 
Jack. See " Cos." 

'M.ee(Ba8s{a loTigifotid^y .,,* 1,880,000 13,600 -61 

Meean Millie ( Vitex aitissima), . . . 2,040,000 1 4, 200 56 

Naw {Mesua Nagaha), 2,580,000 1 7,900 7 a 

Palmira. See " TaL" 

Taloo (^Mimtisopa hexaridra), 2,430,000 18,900 68 

Satinwood. See " Burute." 

Sooriya (Thespesia popvlea), -{1,6 lo^ooo 1 2,700 43 

Tal {Bortisstisjkihdliformis), 2,810,000 14,700 65 

Teak {Tectona grandis), , . . 2,800,000 1 4,600 55 

Additions Data fboh TiCfi Exfebiments OF 'CAFTAaof Fowki, 
RE., Captain Mayne, RE., and Modliab Menbis. 

Teak from Johore (Malay Peninsula), 1 9,400 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 43 

Txon'h&Tk (Etic<dm)tiL8 — 1)from ) ^ ^ 

Australia,... ..„ } 9<'4'*'°° ='4'4«> «4 

Iron-bark, rough-leaved, 1,1 57,000 « 2,500 64 

Jarrah, or "Australian Mahos- ) ^^ « 

any" {£ncalyptm-r, ../ ''^57,ooo 80,238 59 

Stringy-bark (Etuialypttis (ri- ] ^ ^ 



SUPPLBKE2VTABT TABLES.' ^03 

IX — SUFPLEIOENTABT TaBLE FOB •SXONE, LlUE^ AND CeMENT. 

OnuBhing Stress In lbs. 
' on the Square IndL 

Grauwacke from Penmaenmatir, . «v *..,., 1 69893 

Basalt, Whinstone, ii»97o 

Granite ^Mount Sorrel), 44. 12,861 

„ (Argyllshire), 10,917 

Syenite (Mount Sorrel), *, 11,820 

Sandstone (Strong Yorkshire, mean of 9 exp^ii- 

ments),..... 99824 

„ (weak specimens, locality not stated), ^,000 to 3,5l>o 

Limestone, compact (lArOng), ^ 8,528 

„ magnesian (strong), 7^098 

» « t^eak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbaim's experiments farther show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only six-sevenths of the resistance to crushing in a direction perpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally crushes them, in a proportion which 
ranges from a fraction little less than unity in the 'harder stones, 
down to about' one-Aa{/* in the softest. 

A Year and ^a Half after Mixture. ^K?iq^;;?i?ci?' 

Mortar of lime and Hiver-Sand, 440 

„ „ „ beaten, 600 

Mortar 6f Lime and Pit-Sand, 580 

„ „ ), beaten,.< Soo 

Hydraulic Mortar, of lime and pounded tiles,... 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Years after Mixture, the increase of strength is in 
the following proportions : — 

For common mortar, i-8th. 

For hydraulic mortar, ^ i-4th. 

Six Mont&s after Mixture. Lbe. on 

Adhesion of common mortar to compact hme- Sq. in. 

stone, 15 

Adhesion of common mottar to biiclL,. •.••••..... '^'^ 
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Okb Year aster Mixturi. mSSHSJS^ 

Good hydraulic IiMe, , ^« 170 

Ordinary hydrauli&lime, I ^"* -..-..^ 140 

Bich lime, .....»•••• •••• 40 

Good hydraulic mortar, •••••^^ 140 

Ordinary hydraulic mortar, • ••• 85 

Good common movtar, •^••* 50 

Bad common mortar, ^ • 20 

Cement from chalk lime and bhie day, a few 

days after mixture,^ lag 

Portland cement (from compact limestone and 

clay) 30' to 50 days after miztmrei ^.. 1,300 to 1,559 



X — ^MlSCELLAlTEOUS SUPPLEUENTABT TaBLK. 



MaterisL 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong,.... 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

laid, J 

Hempen rope, cable-laid, 

Silken thread, 

Flaxen thread,.. a.>.. 



1 



Dimenaiona 



I m. X I m. 
area i sq. in. 
gifth 1^27 in. 

I in.. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

areao'000115 

sq. in. 

unknown. 



Tearing 


Length of 
llb.welght, 


feetoTfltf 


llM. 


intoete 


Maleiki 


130,000 


0*297 


38,610 


100,000 


0*3 


30,000 


4,480 


6*o 


26,880 


60,000 


0-3 


iSyooo 


50,000 


o*3 


15,000 


15,000 


3-0 


54,000 


12,000 


4-0 


48,000 


1,050 


26*0 


27,300 


67,200 


0*279 


18,750 


19,950 


M9,7oo> 


6 


15.833 


95,000 



Modulus of elasticity of silken thread; 
3;000,000 feet of itself = 1,300,000 lbs. oathe square incL. 

Modulus of resilience of silken, thread;. 

473 foot-lbs. for a cord weighing 2 lbs.; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area.. 

The tenacity of silk- worm gut, in, lineal feet of ijtself^ is abonl 
the same with that of 8i\kei>.^xeay^. 
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Royal Natt OAmrASL 

Mmb of Noil Mmii of Not. 

Tenacity of warp in lineal feet of canvas, 21,552 27,200 
Tenacity of weA in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of the 

tenacities of the warp and wefb, 52,340 59>2oo 

(The above are from the Tnxns, qfthe InstthUion of Engineers in 
Scotland for \%^5'^y on the anthority of Professor Eankine, Mr. 
Peter Carmichael, and Mr. John P. Smith.) 

Alwrninium bronze contains from 5 to 10 per cent, of aluminium, 
and from 95 to 90 p^ cent, of copper. 

Its mechanical pr operties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factoiy : — 

Specific gravity, 7*68; heaviness, 480 lb& per cubic foot. 

l^nacity, 73,000 lbs. per square inch. 

Besistance to Crushing,....,... 132,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim,.. 269,000 



Sbgtiok IL — ^BULES. 

1. Vmtimn of Mmfylj and Blodali mi Btreagili:— 

Dead Load. live Load. 

Factors of safety for perfect materials and ) 

workmanship, J ^ 

For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees, and that remains steady; such as the weight of the 
structure itsel£ 

A live load is one that is put on suddenly, or accompanied with 
Tibration; such as a swifb train travelling over a railway bridge, 
or a force exerted in a moving machine. 

BuLE L — Given, the proportions of live and dead load on a 
structure; to find the &ctor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number ^^"^rtAfi^T^^i^ 
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the dead part of the load, and the factor of safety for a liye load 
by the number proportional' to the live part of the load; add 
together the products, and divide hj the sum of the multipliers. 

Example. — In an iron bridge,^ suppose dead load : Uve load 
: :5 : 4; then (3 x 5) + (6 x 4) = 39; and 39 -f. (5 + 4),= i^ 
£sictor of safety for mixed load. 

BuLE II. — Given, the hrtaJdng lead of a piece of material; 
to find the proof load; divide by tke factor of safety for a dead 
load. 

Khle III. — Given, the intended working load on a piece of 
material; to find, the least proper breaking load; multiply b^the 
proper factor of safety as found by Kule I. 

EuLE lY. — To find the working modvJt%i8 or co-efficient of strengt]! 
of a given piece of material; divide the modulus or co-efficieiit ol 
tdtimate strengt^i.hj the proper factor of safety. (The co-effieienia 
in the tables of the preceding section relate, with a few exiXipdonBf 
to ultimate strength, or breaking load.) 

2. Vniform Teii«i«n^EuLE Y. — To find the intensity of the. Mnu 
on a bar bearing a tensile load; divide the load by the sectiooal 
area of the bar. 

BuLE YI. — To find the hreaJdng load, or the ivorking load,, of ft 
bar subjected to tension ; multiply the sectional area of the bar hf 
the modulus of ultimate or working tenacity, as the case ma^ 
be (ha^dng due regard in the latter case to the proper factor i/t 
safety). 

BuLE YII. — To find, the sectional area of a bar to bear a given* 
lload ; divide the load by the proper modulus. (See Bule lY.) 

Bulb YIII. — To find the proportionate extenision of a stretchedi 
bar; divide the intensity of the tensile stress by the ^^modulmtf 
elasticity, ^^ (See Tables.), 

To find the elongation; multiply the length of the bar by tiit 
proportionate extension. 

N.B. — This Bule holds only when the load is not beyond the 
proof strength of the material In applying it to a live had, thai 
load must be doubled, so as to reduce it to» the equivalent dead 
load, 

Bule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the correspondiog elongation : or 
otherwise; multiply the modrdus of resilienc& by half l£e yolnme 
of the bar. 

The five preceding Bules are applicable when the resultant of 
the stretching load traverses the centre oi each cross-section of 
the bar. 

3. Vnirormir Tarying Teitsi«H.— When the resultant of the 
stretching load does not traverse the centre of the cross«-i3ection of 
the bar^ the intensity oi \^<& &\sesi& ViSii i^m^^ ^«ar^ ^.t aik uniform 
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vate; and will be least at that edgjB of the section from which the 
resultant deviates, and greatest at that edge iovxvrds which the 
resultant deviate& The maam irUensUy will be the same with that 
given hj the Kules of the preceding Article. -To find the ratia 
in which the greatest intensity exceeds the^ mean, proceed aa 
follows :.— 

Rtjle X — Find the eenire o/mcLgnitude of the croes-section as in- 
the Rules of pages 81, 82, 83^ and 85. Thea find its centre of per- 
cussion relatively to the edge from which the resultant load deviates. 
(See pages 15^,, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the* 
distance of the centre of magnitude from the edge towards which, 
the resultant load deviates by the distance of the same centre from 
the opposite edge. (In symmetrical sections this second quotient 
is = 1.). Multiply togeiiier the two quotients, and to the product 
add 1. (In symmetric^ sections add 1 to the first quotient.) The- 
sum will be the ratio in which the greatest intensity of the sti*ess 
is greater than the mean intensity. 

4. ReaiMaace •€ Thim Shells to BaratlMg.— Let r denote the radius 

of a thin hollow cylinder, such as the shell of a high pressure 
boiler; t, the thickness of the shell; /, the tenacity of the material^ 
in pounds on the square inch; p, the intensity of the pressure, in 
pounds on the square inch, required to burst the shelL This ought 
to be taken at six times the effective working pressure — effective 
pressure meaning the excess of the pressure from within above the> 
pressure frt)m without, which last is usually the atmospheric 
pressure of 14*7 lbs. on the square inch, or thereabouts. 

RxTLE XI. — To find the bursting, pressure of a given thin cylir^ 
driccUsIM; make 

Rule XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t p 

Value of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed;, about 34,000 lbs. on the square 
inch (Fairbaim). 

Rule XIII. — ^To find the bursting pressure of a thin spherical 
shell; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material 

Rule XIY. — To find the least proper thickness for a thin 
gpherical shell of a given material and radius, for & ^\«a\^>is^^% 
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preBsure; take half the corresponding thickness for a cylindiical 
shelL 

N.B. — ^When a cylindrical boiler has hemispherical ends, it is 
advisable to make them as thick as the cylindrical baxiel, notwith- 
standing that they are thereby made twice as strong. 

KuLE XY. — Suppose a shell of the figure of a segment of a 
sphere to have a eiiiuiar flange round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another sj^ierical 
shelL Let r denote the radius of the sphere, in inches; i^, the 
radius of the circular base of the segmental shelly in inches; p, the 
bursting pressure, in lbs. on the square inch; then the number and 
dimensions of the bolts by which the flange is held should be sod, 
that the load required to tear them asunder all at once shall he 

31416 »^jp; 

and the flange itself should require, in order to crush it, the foUow- 
ing thrust in the direction of a tangent to it :— ^ 

1 ^ 

If the segment is a complete hemisphere, K = r, and the kit 
expression becomes = 0. 

5. BcalaUiiice of Thick Sheila to Bnratteg. — Let K represent the 

external and r the internal radius of a thick hollow cylinder, sodi 
as a hydraulic press, the tenacity of whose material is}^ and whose 
bursting pressure is p, 

KuLE XVI. — To find the bursting pressure of a given thick 
hollow cylinder; make 

BuLE XYII. — To find the proper proportion of outside to inside 
radius for a given tenacity and bursting pressure; make 



R 

r 



- V (^> 



The corresponding formulse for a thick hoUaw sphere are 

6. Boaistaneo to Sheartag. — In rivets, keys, pins, bolts, treenails, 
and other fistsieiiingB ex]^oaed\A «ihsasui^«trQ6a^ the greateei inieruity 
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of the stress is liable to become greater than the mean intensity, 
through unequal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

HuLB XX. — To find the strength of an easy-fitting /cutening 
against idiearing; multiply the sectional area by the modulus of 

strength j then take ^ of the product if the fsustening is rectangular 

3 . . . 

in section^ or j if it is circular or elliptical in section. 

For a perfectly tight-fitting fasAemng the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
between easy and perfectly tight fastenings. 

KuLE XXL — Ordinary dimensions of rivets: — 

Diameter for plates less than half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring from the head = sum of the 

thickness of the plates to be connected + 2j^ x diameter of 

the riyet. 

KuLE XXI. A. — Eivetted Javnta. — ^Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron; 
dy the diameter of a rivet; 

n, the number of rows of rivets transverse to the pull ; 
e, iike pitch from centre to centre of the rivets in one row; then 

, -7854 n d^ 
e - d -¥ 

V 

Each plate is weakened by the rivet holes in the ratio 

c - d ^7854 n d 
' c " < + -7854 n d' 

In "single-rivetted" joints, n = 1 ; in "double-rivetted" joints, 
n = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch, c, is fixed; then 

„ {e-d)t 
7854«P' 
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7. Resiataace t* C!«Hiprewl«M «a4 INvcct <7nMU«Cir->Itesifitaai09 
to longitudirud compression, when the proof stress is not exceeded, 
is sensibly equal to the resistance to stretchings and is expressed 
by the same modulus. When that limit is exceeded, it becomeB 
irregular. (See Rule VIII., page 206.) 

The present Article has reference to direct and simple crashing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sideways. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions; 

Pillars, rods, and struts of cast iron, in which the l^igth is Bot 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the lengtii u 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timb^, in which the length is Dot 
more than about twenty times the diameter. 

In such cases the Bules of this Section, from Y. to VlL, 
and also Rule X. (pages 206, 207), are approximately applicable, 
substitutiug thrust for tension, and using the proper modulus of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half tbor 
diameter offer greater resistance to crushing than that given by 
the Rules; but in what proportion is uncertain. 

8. Strengdi of liOng Strata and Pillars. — ^Long struts and pillsn 

give way by bending sideways and breakiug across. Let P be the 
breaking load of such a pillar; S, its sectional area; I, its length; r, 
the least radius o/ gyration of its cross-section (see page 154); /and 
c, two co-efiicients depending on the material; then 

Rule XXTL — ^For a strut or pillar fixed in direction at both 
ends, 

p / 

® ~ 1 + — ' 

BxjhB XXIIL — For a strut or pillar jointed at both CDds; 

Rule XXIY. — For a strut or pillar jointed at one end and fixed 
at the other; 

p_ / 

S ~ , 16? • 
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Values of the Cjonstamts. 

/ c 

LhB. on the Squue Inoh. 

Malleable iron^ 36,000 36,000 

Cast iron, 80,000 6,400 

Dry timber, 7,200* 3,000 

Table op Values op t^ for Difeebent Forms op 

Cross-Section. 

Solid rectangle; least dimen- ) 
sion = h; y 

Thin square cell; side = A;.... 

Thin I'ectangular cell; V 
breadth, 6; depths h; j 

Solid cylinder; diameter = A;. 

ThiiL hollow cylinder; dia^- ) 
meter = A;.... J 

Angle ivoa of equal ribs; V. 
breadth of each = 6; J 

Angle iron of unequal libs; > 
greater, 6, less, h; J 

Cross of equal arms; 

H-iron; breadth of flanges, 
b ; their joint area, A; area 
of web, B; 

Channel iron; depth of 
flanges + i thickness of I j^2 
web, h; area of web, B; of 
flanges. A; 

Barlow rail; cross - section " 
composed of two quad- 
rants of radius B, mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area = joint 
area of quadrants x *273; 

Pair of Barlow rails as above, 
ri vetted base to base ; 

Circular segment of radius ) 
R and length 2 R ^; / 



/*» 


-i- n 


12 


-r, 6. 

h + Zb 

A + 6 
+ 16v 


A« 


+ 8. 


6» 


-i- 24. 


6« A* ^ : 


12 (6» + /,2). 


62 

12* 


A 
A + F 


A 


j^ AB 



(A + B) ' 4(A + B)2 



}• 



R2 -r 7 nearly. 



} 



w 



+ 



•393 R2 
cos fi sin 6 



2fi 



sin2 $ ) 



R2 



9. Resistance ef Tubes te Collapsing. — RULS XX Y. — Collapsing 

pressure in lbs. on the square inch = 

9,672,000 thickness^ ^ 
length X diameter ' 
all the dimensions being in the same units of moasvrc^ 
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When tubes are stiffened bj rings, the length in the role is to 
be measured from ring to ring. 

10. Action of a TmasTerne ti^md •■ a Beam. — ^If the load Con- 
sists of several parts, find the resultant load by the Knles of Pait 
y., page 164, and Part lY., page 153. Then find the sujppor^ 
farces by the proper rule (XIX.^ in page 163. 

EuLE XXYI. — To find the shearing actions exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward from 
its point of support,, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point. 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downiroid 
shearing action in the next interval inwards. 

For a distributed load, in symbols ; let c? a; be an interval of tlie 
length; w, the load per unit of length; F, the shearing action at 
the distance as inwards from the outermost loaded point; then 

¥= j^ wdx. 

Case II. — If the loaded part of the beam lies between its pointa 
of support, and the load is applied at detached points; the upward 
sheaiing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; the remainder will 
be the shearing action in the interval next beyond. 

For a distributed load, in symbols; let P^ be the supporting 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end ; then 



F^zTo — flwdx. 



'Remark. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the load divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contrary 
algebraical sign. Let I be the span; P;, the supporting force at its 
further end; and F;, the shearing action close to that end; then 



F, = Po-. r M;fl?aj=-.P,; 



and this formula serves as a check on the accuracy of the calcula- 
tiona by the prece^g {ormxi!^ 
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"RxjiJi XXYTL — ^To find the bending moments exerted at a series 
of points in the length of the beam. Multiply the length of each 
interval by the shearing action exerted in that interval; add 
together the prodacts corresponding to the intervals which lie be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment. 

In symbols, let M be the bending moment at the distance x from 
one end of the beam; then 



«=/: 



¥dx. 



Rkmabk. — The accuracy of the calculation of the bending 
moments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 



M.=/; 



¥dx=zO. 



KuLE XXV 111. — To find the greatest bending moment; take 
the bending moment at the point where the load divides; that is, 
where F = 0. 

For tables of the comparative values of different units of bending 
moment, see pages 104, 110, 113i. 

11. Szpbi««tl«H •€ Ike Table •€ EsnuMplea. — W, total load; I, 

length of beam fixed at one end, or span of beam supported at both 
ends ; F, shearing action, and M, bending moment, at distance a^' 
from one end; x\, distance from one end at which shearing action 
is greatest; k, ratio of greatest shearing action to total load W; 
o/q, distance from same end at which F = and M = a maximum ; 
nif ratio of maximum bending moment to W/. That is to say, 
let Fj = greatest shearing action, and M^ = greatest bending 
moment; then Fj = ^W; Mq = mWL 

To transform the expressions in the following table. Cases lY. 
to YIL, which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends, into expressions 
suited for co-ordinates measured from the middle of the beam, 
let c be the half-spany and substitute 2 c for I, c,— x for x', and 
e -h X for I — if throughout the whole of that part of the 
table. 

12. TrareiUag l««ad en a ]ieaHi.~A beam of the span I is sup- 
ported at the two ends ; a permanent load of the uniform intensity 
of w lbs. per lineal foot is distributed over it. An additional load, 
such as the weight of a railway train, of v/ lbs. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from end to end, and then rolls off at the other end. (^Q»^ "^^^ 
continuation of thia Article see page 216.) 
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RxTLE XXIX. — ^The Oreatett Shearing Action at a gpmn crcm- 
section occurs when the longer of the two segments into whidi il 
divides the beam is loaded with the travelling load as well as iriib 
the permanent load, and the shorter loaded with the pennaiieDt 
load only. Let F denote that action, and a/ the distance of the 
section in question from the nearer end of the beam; then 



r=.(|-.) + -i--!f. 



Let X be the distance of the cross-section in questioii fiom tlw 
middle of the beam, and o the half-span; then 

The Grreatest Bending Moment at a given cross-section ooeon 
when the whole span is loaded with the travelling load, sod ii 
therefore given bj Case YL of the table ; viz., 

^ _ (to + fo')sd{l — ar) _ (tg + ti/) (c« — gg) 

Remake. — If the travelling load is liable to rash suddenlff on to 
the bridge, like a swift railway train, its actual weight should be 
doubled in taking the value of ti/, in order to reduce it to the 
equivalent steady load ; and when this has been done, the &ctor of 
safety employed in farther calculations may be that suited for s 
dead load. 

13. The Momeat •f Bedsiaiice of a Beam at a given cross-sectioD 
ought to be at least equal to the greatest bending moment. 

BuLE XXX. — In a skeleton beam, consistiug of stringers and 
braces only (see fig. 72, page 169), to find the moment of resLst- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicdar 
distaoce of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

BuLE XXXI. — In a thvn-webhed beam with parallel flanges 
along the edges of the web (in other words, of a thin-webbed I- 
shaped sectiou) the flaoge which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pi*essed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed) ; then multiply the leaser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flailgesj the final product will be the required moment of resist- 
ance, approximately. In this method the moment of resistance 
of the web is neglected. 
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N.R For the bert economj of material, tlie two prodactB first 
tnentioned should be equal to each others The cross-sectioii of the 
k>eam is then said to be of eq[ual iirengik, 

'BxTLR XXXTL — In a solid beam, to find the moment of 
resistance at a given cross-section : — 

Step 1. — ^Find the neutral axis of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line perpendicular to the plane in which the 
bending of the beam takes place. 

Step 2. — Find the geomkrical moment of inertia of the cross- 
section relatively to its neutral axis, by dividing that section into 
narrow strips pa^rallel to the neutral axis, multiplying the area of 
each strip by die square of its distance from the neutral axis, and 
adding the products together. (In Rules L, IL, and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpoea) In 
symbols, let ^ be the distance of any strip from the neutral axis; «, 
its lengtJi paiallel to that axis; dy^ its breadth ; and I, the geometri* 

cal moment of inertia of the section; then I » ly^zdy (=n' h h^, 

where h is the breadth, h the depth, and n* a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page 211); then I =r«S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross^section; the product will be the 
required moment of resistance. 

In symbols, let y^ and y^ be the greatest distances of compressed 
and stretched particles from the neutral axis; /^ and^ the greatest 

safe thrust and tension on those particles respectively; let ^ stand 
for the lesser of the two quotients, ^, ~; then the moment of 

y. y» 

resistance is /> t 

yi ^ 

where n is a factor depending on the form of cross-section. Another 
expression for the moment of resistance is as follows ;— 
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in which S is the area of the cross-section^ and q a suitable 
numerical factor. 

For the best economy of material, the two quotients ought to be 
equals that is to saj, 

/i _ -^ = "^ — ^ "^.^ 

yi y. y» ^ * 

This gives a cross-section 0/ equal strength. 

F4XAMPLE3 OF THE Numerical Factobs. 



Form of Cross-SecfloiiB. 



L Rectangle 6 ^ 

(including square) 



IL Ellipse— 

vertical axis h. 

Horizontal axis h, .. 

(including circle) 



.-^■•^■■•^a 



HL Hollow rectangle, h hr—f/h'T 
also I - formed section, 
where 6^ is the sum of the ' 
breadths of the lateral I 
hollows,..* j 



IV. Hollow square, 
h* — h\ 



V. Hollow ellipse, 



n'= 



bh' 



rri 



12 



64 20*4 
= 0-0491 



.V\ 



Vk^ 






12 V^ /i* 



h'*\ 



VL Hollow circle,, 



Vn. Isosceles triangle; base &, ^ 
height h ; yi measured > 
from summit, ) 



20-4V hh* J 



20-4 V^ AV 



36 



1 
2 



1 
2 



1 
2 



1 
2 



1 
2 



1 
2 



2 
3 



•11= 



Mo 



/6A«- 



1 
6 



^ 1_ 

32 "■10-2 



6V^ hh^) 



-J(-?) 



10-2V. 6A'^ 



10-21. *• / 



1_ 
24 
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FoBx OF CBOsa-SEcnoN. 
I. Bectangle, g. 

11. Ellipse and circle, ~ 

r g. 

-III. Hollow rectangle, ., .^^ 

S = 6 A - b'h'; also I-shaped i _ ^A! 

section, h' being the sum of ^ ^^ 

the depths of the lateral ^/. b' h'\ 

hollows, ^\} - bir) 

IV. HoUow square, S = A* - AV- ^ P ■*'"pj- 

V. Do., very thin (approx.), •^. 

VL HoUow ellipse, |(l _|^^.(i _^.^). 

VIL Hollow circle, Vl + -^ 

VIII. Do., very thin (approx.), 

IX. T - shaped section ; flange A, C f C + 4 A 

webC;S = A + C(approx.), 6 (0 -f A) (C + 2 A) ' 

X. I-shaped section; flanges A, B; 
webCjS = A + B + C;the 

the flange A (approx.), -gV c 4- 2 B) (A 1 B 4- C )- 

X A. Do., do., the beam sup- 

posed to give way at tke flange C(C + 4 A + 4 B) + 12 A B 
^^"PP"*^-)' •- -6TCT^)lATBTC) • 

XI. I-shaped section; witih equal 

flanges; A=B;S = C + 2A I (i ^ _1A_Y 
(approx.), 6\ C + 2 A/ 

14. €r«M-8ectioiis of Bqaai Strengtk have already been mentioned. 

The following rules are applicable where the beam is I-shaped, con- 

. sisting of a vertical web, rectangular or nearly so in section, with 

flanges of small depth compared with the depth of the web^ runniu^ 

tlong its upper and lower edges. 
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Let /a be the greatest safe thrust; yj^the greatest safe tennon; 
ya and ^a, the distance from the neutral axis to the centres of the 
compressed and stretched flanges respectively; h s= ^c + ^the 
depth between the centres of the flanges; A and B, &e sectioml 
areas of the compressed and stretched flanges respectively; C,the 
sectional area of the web measured from centre to centre of the 
flanges. 

Rule XXXIIL— ^ greater than ^ (as in cast iron). Given, 

A, C; to find B; 

Eemabk. — ^The moment of resistance is 

m = a{/.a + {2/.-/»)^}=a{/»b-(/._2/;)J}. 

In practice, A y^ B is often used as an approximation to this 
moment. 

Rule XXXIII a.— ^ less than^ (as in wrought iron). Given, 

B, C; to find A; 

A=-^?-B+'^^=4a 

Remark. — The moment of resistance is 

M = a{/.B + (2/»-/.)^} = a{/.A + (2/. -/»)§}. 

In designing I -shaped beams, fix C by considerations of pne- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liongltadinal 8ecti«as •f Eqaal Strength. — ^RULB XXXIY.^ 

To give a beam a longitudinal section of equal strength, make ( A^ 
or h S, at different points of the length d the beam, vary propo^ 
tionally to M; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let t2ie 
depth, h, be uniform, and make the breadth, b, or the sectional aiet) 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionallj 

to ^/ M; or let S be constant, and make h vary pr<^portionallj 
toM. 

16. Altowaace f«r Welsht •f Bcaui.— RULB XXXY, — ^Let Vf 

be the external workiii^losA, dead^ Uve^ or mixed, on a beam; J, iti 
proper &ctor of safety *, eoid \fc^ s \i^ ^^ Wi«st ^1 ^s^l^ l^x «. dead 
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load. Having fixed tlie deptii beforehand, cakalate a provinonal 
brecuUhy or a prwnnonal mcUomal oron^ suited to bear safely the 
external load alone; and thoice compnte a provigional vxight for 
the beam, — say K. Then increase the breadth, or the sectional 
ilea, in the foUowiiig ratio : — 



^W' — sB' 



and the beam will safely bear its own weight in addition to the 
given external load. 

Rule XXXVL — Given, the span /, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiiing span^ L, of a beam of the same sort, and with the same 
proportion (A -t- Q of depth to span, which wfll just bear its own 
weight safely and no more. 

s B 

BuLE XXX VU. — Given, for a certain sort of beam, with a 
given proportion, A •?- I, of depth to span, the span I, and t^e 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to extenial load; 

B 8' I 



W 8 li — l 

17. DefleeU^M •€ Boiau.— BuLE XXXYIII. — To find the currh 
aiure (that is the reciprocal of the radius of curvature) of an 
originsdly straight beam at a given crossHsection. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the matenaL In symbol^ let r be the radius of curvature ; then 

1_ M 
r""Er 

Case II. — The cross-section under its proof stress. Divide the 
proof stress (fj) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 

r Eyi 
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In ci^oss-sections of eqiud strength tbe psoof curvature is 

1 _/.+/. 
r "■ E A • 

KuLE XXXIX. — ^To find the «2opeof the beam (or^inally level) 
at a given point. Divide the length of the beam into small 
intervals {d a;); multiply the length of each interval by the curva- 
ture at its centre (giving the product J ; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is requized; the som 

\i = J — ) will be the required' slope. 

Rule XL. — To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product i d as); add 
together those products for the intervals extending between the 

highest and lowest points of the beam, the sum (v =z I id x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules: — 

Let c be the Iicdf-span of a beam supported, at both ends, or the 
length of a beam fixed at one end; h, the exti*eme depth, and 6, the 
extreme breadth of the beam ; W, any given load ; y^, the proof 
stress ; or/a,the proof thrust, and/j,the proof tension, in cross-sections 
of equal strength; m' A, the distance of the most severely strained 
layer from the neutral axis; n' h h^, the moment of inertia of the 
greatest cross-section; m", n", m"\ vP\ numerical multiplieza 

BuLE XLI. — Steepest slope under proof load; 






' V^ EA J' 
Rule XLII. — Proof deflection; 

""'-Em' h' V"" Eh y 
BuLE XLIII. — Steepest slope under a given load, W^ 

•'i " E w' 6 A8' 
BuLE XLIY. — Deflection under a given load, W; 
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} 



CaM. 

A. TTnifobx GBOSS-SEcnox. 

L Constant Moment of Flex- 
ure, 

IL Fixed at one end, loaded ) 
at other, J 

HL Fixed at one end, uni- ) 1 
formly loaded,. J 3 

lY, Supported at both ends, ) 
loaded in middle, ........ J 

Y. Supported at both ends, ) 
uniformlj loaded, J 



B. Ukiforh Strength asd XJhi- 
FOBX Depth. 

(The curvature of these is uniform). 

YI. Fixed at one end, loaded ) « I I 

at other, j * 2 "*"*' 2 

YIL Fixed at one end, uni- ) •. 1 1 

formly loaded, / 2 2 

VTIL Supported at both ends, ) •. 1 1 

loaded in middle, J 2 2 



Proof Load. Gtren Load. 
Factors for Faeton for 

Slope. DeflKtioo. Slope. Deflection. 
mf' wT wT wT 


1 .. 


1 
.... 2 






1 


1 


1 


1 


2 •• 


.... g 


»•.. »j» g^ ' 


3 


1 


1 


1 


1 


3 •' 


... . ^ 


6 ' 


8 


1 


1 


1 


1 


2 •• 


.... ^ 


4 " 


6 


2 


5 


1 


5 


3 •*•••• 12 


••••«•. ^ « 


•••*•• 48 



IX. Supported at both ends, \ r ^ ^ 

uniformly loaded, J 2 i 



8 



0. Uniform Strength and Uni- 
form Breadth. 

X. Fixed at one end, loaded ) o 2 q ^ 

atother, / ^ § ^ 3 

XL Fixed at one end, imi- )./... •, . /• .. 1 

formly loaded,.... | infinite 1 infinite - 

Xn. Supported at both ends, 1 « ^ i 1 

loaded in middle, / 3 3 

^™- ^"SSyloi^S,"';} l-^70» 0-5708 0-3927 01427 
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Rule XLV. — Given, the half-span, c, and the imlayM proof 
deflection, v^ of a proposed beam; to find the proper value of the 
greatest deij^^ h^\ make 

(taking n" from the preceding table, and tnaking fuT ^ as befon, 
denote the distance fix)m the layer in which the stress is /^ to the 
neutral axis.) 

If the cross-section is to be of equal strength, make 

, n- (/, +/>) c« 
*o- E^^i • 

Exile XLVI. — ^To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the section of greatest stzoH^ 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
n", the factor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
v, the observed deflection ; 
then the intensity of the required stress is 

Ey V 

Rule XLYII. — To find the resilience of a beam loaded at (ai 
point; multiply half the proof load by the proof deflection. 

18. c«nUna«iu oirden. — In the following rules the girder u 
supposed to be of uniform cross-section, and to be continuous ovor 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span hj w; the travelling load per unit of 
span, if brought on slowly, by ti;'; if the travelling load comes ob 
suddenly, w' must be understood to stand for the equivalent deid 
load; that is ttvice the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adiqited 
to the most severe bending moment. 

Rule XLYIII. — To find the bending moment at mid-spi& 
(Mq), and the reverse bending moment over each pier ( — Mj), whea 
every span is loaded with the travelling load; 
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/ 

BuLE XLIX. — To fiDd the said bending moment when the span 
under consideration is loaded with the travelling load and the 
adjoining spans with the weight of the bridge only; 

Mo- g ,— Ml- g . 

Every continuous girder bridge has two end bays at which the 
continuity stops; and these must be of less span than the inter- 
mediate bays. 

KuLE L. — The proper span of an end bay should be not less than 

c a/ s (or it will be too light); and not greater than 



(1 + A / „-7 — i — Tv J (or it will be too weak). 



To calculate the froof deflection of continuous girders, use Rule 
XLIV., page 223, with the following values of the multiplier n"; 






Every span fully loaded, ^ 

o 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser* 
of the two following feu^rs, 



w + Zw* 

4 ti> + 8 to' 

ti; + 3 w?' 

8 II? + 4 w?' 



19. Arched BllMi. — In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the foim of a parabola, 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
f^q h A.) q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if giudually put on, by vtf; 
if suddenly put on, w' denotes tvoice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

Rule LI. — When the rib is fully loaded, to find the horizontal 
thinist (H), and the intensity of the stress (j>), 

„ (w + vf)<^ H 
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KuLE LIL — ^When one-balf of the span only is loaded with the 
travelling load, the horizontal thrust is. 

Also, let -rrrr- = M' j then the greatest intensity of stress is 



i (- %")• 



Kemabe. — That greatest stress is compressiye; and is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the outer edge of the loaded half 

Rule LIIL — Given, the greatest safe stress, /«; to find the 

proper area^ A, for the rib at its crown; calculate the two follow- 

M' 
ing quantities: H as in Rule LL; and H' H — r' as in Rule LH; 

divide the greater of them by^; the quotient will be the required 
area. 

20. stiflening Oirder.— RuLE LIY. — To find the proper momad 

of resistance for a stiffening girder for a suspension bridge; calcii- 

late M' as in Rule LIL The greatest shewring acUon in that 

. , , w' c 
girder is -r— 

The stiffening girder is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike abo?e 
and below. 

21. Kesistance to Twisting.— Let h be the external diameter of t 
shaft; h\ the internal diameter (if it is hollow) ;y*, a modulus rf 
stress. 

Rule LY. — Moment of resistance of 

a solid cylindrical shaft, 0*196/^ A'; 

a hollow cylindrical shafts •...0'196/' • -r — ; 

a solid square shaft, 0*28/* Ifi. 

Rule LYI. — To find the thickness of a shaft which shaU bsi* 
a given moment of resistance to twisting^ M. 

solid cylindrical shaft, h = aV (oTTogT?) * 

hollow cylindrical shaft, A' = n^; A = aV ( q-iqa n^m^f f 

solid w^uaxQ doaft, h = a^ (a«2S f /* 
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Siren in Lbi^ on the Sqiaro IndL 

CSast iroo^ 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

KuitE LVII. — When bending and twisting actions are com- 
bined on one shafts let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following twuiing tnoment: — 

M + J(M^ + T). 

HuuB LVllL — The angle of torsion of a bar, whether cylindrical 

or square, when under the proof stress/', is ~j^ri i ^ which I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Backii^ Piatcs-n-KuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plate being square, and &stened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about ^ of uniformly distributed load. 

23. 8a«peBsi«a Bridges.— As to the horizontal tension, see page 
173. As to stiffening giitlers, see page 226. 

RuLB.LX. — Given, the working horizontal tension, H, the half 
span, QSy and the depi-ession, y, of the chaiu or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

H X 

For the strongest wire cables, make C = . .. ; 

For cable iron chains, make C = q nni\ v *. • 

o,UUU leet 

Then for a chain or cable of uniform cross-section, the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area varying as 
the tension) the weight of a half-span is 

For eyes and fastenings of links, add one-eigbtii V> u^^ ^«^gp2^ 
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PAET Vll. 

MACHINES IN GENERAL. 

Section I. — Rules relating to the Compabison op Moti 

1. ]ii«ti«B •f a P«int. — As to measures of speed of advanc 
linear velocity, and of speed of turning, or angular velocity 
page 102. In the following rules, when not otherwise spec 
linear velocity is supposed to be expressed in fed 'per second 
angular velocity in circular measure per second. Linear velo 
and angular velocities are represented by lines, and compoa 
and resolved, like forces and couples. (See pages 158 to 163. 

there be three bodies, 1, 2 

3, and 3 has a given m 

relatively to 2, and 2 a | 

motion relatively to 1, 

resiUtant of those two mc 

is the motion of 3 relal 

to 1. 

8g . I^ULE L (See fig. J 

^* ' Given, the velocity and ( 

tion, A B, of the motion of a point, A ; to find the component o\ 

velocity along a given line, X A X ; from B, let fall B C pe 

dicular to X X ; A C will be the required component. In syn 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) 
a given linear velocity (v); to find the angular velocity ofrevd 
divide the linear velocity by the radius. In symbols; 

V 

a = -. 

r 

Rule III. — In the same case, to find the rate of devii 
divide the square of the linear velocity by the radius ; or othe 
multiply the square of the angular velocity by the radius 
symbols; 

rate of deviation = — = a^r. 
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2. TniHshiti«H •r m RigM WLmdj is that kind of motion in which 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

RuLB lY. — During translation the relative motion of two points 
in a rigid body is = 0. Their comparative m4)tion at any instant 
consists in equality of speed and identity of direction. 

3. BcMati^n •f m Kigid B«di7.— RuLE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation ; to 
find the direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

Rule YL — Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distance of the point from the 
axi& 

Rule YII. — Given, an axis of rotation, and two points not in 
ih&t axis; to find the comparative motion of those two points. The 
ratio of their velocities, or velociti/-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

Rule YIII.— ^A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
S8y 89); the motions of those projections will be identical with 





Fig. 88. 




Fig. 89. 

those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case L — Directions not parallel (fig. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plane of 
motion. 
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Case II. — Directions parallel to each other, and not perpen- 
dicular to line of connection, A B. In this case the motion is one 
of translation, and there is no axis. 

Case III. — Directions perpendicular to A B. (See figs. 88, 89.) 
In this case the problem is indeterminate unless the velocity-ratio 
of A and B is given. Then diuw A V^^ B V^, in the directions of 
motion of A and B, and bearing to each other the given ratio ; draw 
the sti-aight line Y^ V^, cutting A B (produced if necessary) in Oj 
this will give the position of the required axis. 

Bemark. — The axis found by Bule VIII. may be either per- 
manent or instantanecms. 

Rule IX. (See fig. 90.) — In a body rotating with a given 

speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A. On A B let fall the peiv 
pendicular O B, and multiply its lengtk 
by the angular velocity. 

4. Mellon •r Rigidly-ConAecfed P«iatt»— 

A pair of points, A and B (fig. 91), ara 
so connected that their distance from each 
other, A B, is invariabla 




Fig. 90. 




Figt91* 

RiJLE X. — Given, the directions, A a and B 6, of the motions of 
a pair of rigidly-connected points at a given instant; required, ihdr 
velocity-ratio. Di-aw the straight line of convection, A B, and 
produce it if necessary. Then lay off in it any convenient equal 
distances, A C = B D. Through C and D draw perpendiculars to 
the line of connection, cutting A a and B 6 in E and F, Then, 
velocity of A : velocity of B : : A E : B R 

5, j>ointai in Mlding Contact.— In fig. 92 let A B and C D repie- 
sent a pair of smootii a\xr£a.cea m,0Nm^ Va. ^^\i^^w^Wit^ and let 
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? mark the position of the pair of particles which at a given 
Dstant touch each other. 

KuLE XI. — Given, the directions T V^ 
md T Yg of the motions of the con- 
iguous particles; to find the ratio of their 
irdocities. At the point of contact 
ilraw T U of any convenient length 
Qormal to the two surfaces at that point. 
Through U draw XJ V^ Y^ parallel to 
the common tangent plane of those sur- 
fiices, and cutting the directions of motion 
of the contiguous particles in V^ and Vg. Then velocity of 
particle 1 : velocity of particle 2 : : T Vj : T V,. 

SEOriON II. — EULES RELATING TO MECHANISM. 

1. Billing Contact. — ^The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
About axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
dther, in one plane perpendicular to the direction of sliding. 

Rule I. — Two pieces (smooth wheels) are to turn in rolling 
Contact with each other about a pair of parallel axes, with a given 
t^tio of angular velocities; say that of a :h. To find the position 
t>f the line of contact of the pitch-surfaces; let c be the line of 
Centres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

b c 
From the axis about which the angular velocity is as a; -', 

From the axis about which the angular velocity is as 5 ; 



a + 6* 



In other words, tJie radii are inversely as the angula/r velocities. 
Rule II. — A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece; to find the linear velocity of the sliding piece; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch-surfaces. 

Kule III. — Given, the ratio of the angular velocities of two 
conical or smooth bevel wheels about their axes (which meet in one 
point); to find the line of contact of the pitcnraarfacea of those 
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wheels. In ^g. 93 let O A, O C be the two axes, intersecting in 
O. Lay pff on those axes, O a, O 6, respectively proportional ti 

the angular velocities of thi 
wheels which are to turn aboir 
them. Complete the parallelo 
gram O b c a; the diagomi 
O c (produced as far as re 
quired) will be the line of con- 
tact of the two pitch-surfaces 
and those sur&ces will bt 
^' ^^' cones made by sweeping that 

line round the two axes respectively. 

2. Skew-Beirei Wheel*.— The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line oi 
contact about each of the axes, to which it is neither parallel nor 
intersecting. 

BuLE IV. — The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : b, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axeSl 

In ^g, 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 6 || A B^ 
c 6? II C D, in which take lengths in 
the following proportions : — 

a : b : : ?ip : h q; 

complete the parallelogram hp e q, and draw its diagonal, e h// 
the line of contact, E H F, will be parallel to that diagonal 

From p let fall p m perpendicular to ^ e. Then divide tho 
common perpendicular, G K, in the ratio given by the proportional 
equation^ 

he : em : mh : :GK:GH:K H; 

and the two segments thus found will be the least distances of th^ 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the Ime 

E H F about the axis A B, with the radius vector G H; the 
second, by the rotation of the same line about the axis D, with 

the radius vector H K. 




Fig. 94. 



TSKTH OF WHXEL8. 
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3. Teeth of Wliecftfc— Rule v. — To find the least thickness 
suitable for the teeth of a wheel Divide the pressure to be trans- 
mitted by 1,500 lb&, and extract the square root of the quotient 
for the thickness on the pitch-circle in inchea 

KuLE VI. — To find the least pitch suited for the teeth of a wheel ; 
multiply the least thickness on the pitch-line by 2^. 

Rule YII. — To find the least breadth suited for the teeth of a 
wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inches. 

HuiiB YIIL — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

Rule IX. — To set out involiUe teeth. In ^g. 95 let Cj, Cg be 
the centres of two circular wheels whose pitch circles are B^, Bg. 
Through the pitch-point, I, draw the intended line of connection, 
Pj Pj, making the angle C I P = tf with the line of centres. This 
angle is usually about 75°. From C^, Cg, draw 

C^i = TCi • sin tf, Cj^Pg = I~C2 • sin tf, 

perpendicular to P, Pj, with which two perpendiculars as radii, 
describe circles (called base circles), Dj, Dg. The proportions of 



2> 



are m 



the triangles, Cj I Pj, Cg I 
practice nearly as follows : — 

65 : 63 : 16 : : I C : C P : I P. 

Make a circular mould of the figure of one 
of the base circles, D ; wrap a cord round 
the edge of it; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the pcUh of contact of the teeth ; 




Fig. 95. 



say = ^ pitch), along 

Pj Pg in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle ^. 

The smallest possible number of involute teeth in a pinion is the 
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go 

whole number next above 2 «■ tan A When tan ^ = tt^ that 

16 

number is 25. 

Rule X. — To set out epicycloidal teeth. Make two moulds of 
the figure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the describing circle, with a 
tracing-point in its circumference; the usual stze of the describing 
circle is such that its circumference is six times the pitch, and its 
radius therefore = pitch x 0955, To trace the^aw^s of the teeth, 
roll the describing circle inside the concave mould ; to trace their 
faces, roll it outside the convex mould. 

In fig. 96 let B B be the pitch-circle ; C I C, part of a radius of 

the wheel ; R, the describing circle 
when inside the pitch-circle; R', 
the describing circle when outside 
the pitch-circle. On the circum- 
ferences of the describing circles lay 
off I D = I D' = the pitch; D will 
be the inner end of the flank of a 
toothy and D' the outer end of the 
face of a tooth. 

All wheels having epicycloidal 
teeth set out with the same pitch 
and the same describing circle work 
accurately together. 

The smallest practicable ptnion 
having epicycloidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the descrihing 
circle. According to usual proportions, it has twelve teetL Their 
flanks are i*adial straight lines. 

Rule XL — To set out ap- 
^ ' ^» proximcUe epicycloidal teeth; 

let p denote the pitch, n 
the number of teeth in the 
wheel 

In ^g, 97 let B C be the 
part of the pitch-circle, A the 
point where a tooth is to 
cross it SetoffAB = AC 




Fig. 96. 




Fig. 97 



« ^. Draw radii of the pitch-circle, D B, E C. Draw F B, C G, 
making angles of 75^° with those radii, in which take 






n 
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0G=?- 
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Botind F, with the radius F A, draw the circular arc A H ; this 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K ; this will be the flank of the tootL 
(See Willis On Medianism,) 

4, ScvcwB. — Rule XII. — To find the advance of a screw corre^ 
spending to a given number of turns; multiply that number by 
dte fitch (measured parallel to the axis, between corresponding 
points on two successive turns of the thread). 

Rule XIII. — Given, the pitch of a screw; to find the obliquity 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6*2832 (so as to find the corresponding 
fArcum\ference)y and divide by the pitch; the quotient will be the 
tangent of the required obliquity. 

Rule XIV. — To find the normal pitch of a screw (measured 
perpendicularly to the thread) at a given distance, r, from the axis; 
let ^ be the pitch; then 

Normal pitch = . . — TZ& 



Rule XV. — ^To make two screws of given numbers of threads 
and given cylindrical pitch - surfaces gear together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to the sum of the 
obliquities of their threads, if both are right-handed or both left- 
handed ; or equal to the difierence of those obliquities if one screw 
is right-handed and the other left-handed. 

N.B. — The angular velocities of two gearing screws are inversely 
as their numbers of threads. 

5. iPmWejm and Bands (whether belts, cords, or chains). — Rule 
XVI. — To find the ratio of the speed of turning of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the band; then the 
speeds of turning will be inversely as the radii. 

Rule XVII, — To design a pair of tapering speed-cones, so that 
the belt may fit equally tight in all positions. 





Fig, 98, Vig. ^%. 
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Case I. — Belt crossed (fig. 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case II. — Belt uncrossed (fig. 99 ) Use a pair of equal and 
similar conoids tapering opposite ways, and bulging in tlie middle 
according to the following formula: — Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; r^ the radius at the smaller end; then the radius in the 
middle, Tq, is found as follows : — 

" 2 6 2Sc' 

6. liinkwork. — ^Wheu two pins are connected together by a link 
or connecting-rod, to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair of rigidly-connected points. 

When the points thus connected move in one pkne, use Rule 
VIII. of the preceding Section to find the inatantaiheous aans of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected' points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicvla/r to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example. — Crank and PisUm-Rod.^ln ^g. 100 let R T^ bea 

piston-rod ; T^, its head ; C Tg, a 
crank; Tg, the crank- pin ; T^ Tg, 
the connecting-rod. Through Tj 
draw Tj K perpendicular to R T^ 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
of the connecting-rod; and if r, 
and Vg be the velocities of T^ and 

Tg respectively, v^ ' ^2 • • -^ "^i ^ 
K Tg : — or otherwise ; through C 
draw C A perpendicular to R Tp 




^^ 






Fig. 100. 



and cutting the line of connection, T^ Tg (produced if necessary) in 
A. Then Vj : Vg : : C A : C Tg. 

7. Parallel Jiiotioiis.— RuLE XIX. — Given (in fig. 101), the line 

of motion, G D, of a piston-rod, the middle position of its head, B, 

and the centre. A, of a lever which, in its middle position, A D, is 

/>eipe22dicular to D O ^ to ^d tl[i& i»i.diu& of the lever^ so that the 
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link connecting it with B shall deviate equally to the two sides of 
G D daring the motion; also^ the length of the link. 

Make D E = ^ stroke; . 

join A E; and perpendicu- j ^ 

lar to it, draw E F catting '^ 

A D prodaced in F; A F 
will be the required radiaa. 
Join F B; this will be the 
link. 

Rule XX. — Given, the 
data and results of Rule 
XIX.; also the pointy G, 
where the middle position y^ \ 

of a second lever connected / Ib 

with the same link cats y/^ ^\ 

6 D: to find the second / ^^-'-^"^^ B 

lever, so that the two ex- y^^^,^^ — !l 

treme positions of B shall ^^ jjjV 

lie in the same straight line^ \ 

B D, with the middle j 

position, jjg 101. 

Through G draw a 
straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join A H, and produce it 
till it cats L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for practical purposea 

Bulb XXI. — Given (in fig. 
102), the main centre. A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the main lirde, F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogran^ C E D F (in which E rr F D is called the parallel bar. 
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and D E =: F C the back link), and a radius lever, or bridle, H £, 
jointed to the angle E of the parallelograin. 

Draw the straight line A B, cutting the back link D E in G ; 
then by Bule XX. find the lever H E, such that the middle and 
extreme positions of G shall lie in one straight line. 

(The point G shows where a pump- rod may, if convenient, be 
jointed to the back link). 

8. Block* and Tackle.— RuLE XXII. — The ratio of the velocity 
of the /all of a tackle to the velocity of the moving block is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

9. Pistons.— The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. The stroke of a piston 
moving in a straight line may be measured along the line of motion 
of any point in the piston , when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

BuLE XXIII. — To find the volume swept by a piston per stroke; 
multiply the stroke by the area. 

Rule XXIV. — Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocities; take the 
reciprocal of the ratio of their areas. 

Section III. — Rules relating to "Work at Uniform and 

Periodical Speed. 

1. Oenerai Principles.— In a machine moving at an' uniform 
speed the driving and resisting forces are balanced. If the speed 
is varied, but in such a manner that the variations are periodic^ the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to tfae 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutionsL As to 
units of work, see page 103. 

2. Computation of Work Done. — To compute the quantity of 
work done ; — 

Rule I. — When a weight is lifted to a given height : — ^multiply 
the weight by the height. 

KuLE II. — When a body shifts through a given distance against 
a given force : — 

Case I. If the force is directly opposed to the motion (being i 
direct resistance)^ multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion; either 
resolve the force into a resistance directly opposed to the motioOt 
and a lateral force perpendicular to the motion (see page 160, Bol^ 
VIII.), and multiply the resistance by the distance moved; ^ 
oihenvise: — resolve t\ie motion, into a direct component oppoeni 
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to the entire force, and a tratmerse component at right angles to 
it^ and multiply the entire force by the direct component of the 
motion. (In symbols, let F be the force, 8 the distance moved, 
i the angle of obliquity; then work done = F « cos f}, 

Ilui«B III. — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circular 
measure. (See page 102.) 

Rule IV. — When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volvme swept by the piston. (See 
page 238, Rule XXIIL) 

Remark. — The unit of volume and unit of intensity should be 
adapted to each other, so that the product of their numbers may 
express units of work. For example : — 

Unit of Intensitj. Unit of Volmne. Unit of Work. 

Lbs. on the square foot. Cubic foot. Foot-poimd. 

Lbs. on the square inch. < ^f^ i • > do. 

^ ( X 1 m. X 1 m. J 

Lba on the circular inch. < , 7 ^^ f^ i ^q^ 

\ long X 1 in. diam. j 

Kilo, on the square mdtre. Cubic m^tre. Kilogramm^tre. 

3. C«iiipatatloii •€ Biierg7» P^wer, aad EtBclency. — (I.) When a 

given weight descends through a given height, or (II.) a given 
force drives a body shifting through a given distance, or (HI.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article ; except that for resistance 
is to be put effort^ or driving force, and for vxyrk done, energy exerted. 

For stored or potential energy, use the same rules, substituting 
possible for actuid motions. 

Rule V. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or periodical 
speed against given resistance& Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the total work done, to which the energy to be exerted will be equal 

As to Power, see page 104. 

Rule VI. — To find the Efficiency of a machine; distinguish the 
resistances, and the work done against them, into usefvl and voastsr 
fid; then divide the usefvl work by the totod work; the quotient 
will be the efficiency. 

Rule VH. — To find the efficiency of a train of machines; mul- 
tiply together the efficiencies of the elementary machines of which 
tbd train consista 
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4. G«mpatati«n •£ i^riring Foree. — Suppose a machine to be 
driven against given resistances by au effort or d/rimng force applied 
at, and in the direction of motion of, the driving point; and that it 
is required to find the effort which will maintain an uniform speed. 

Rule VIII. — Find the energy to be exerted, bj Rule V., and 
divide it by the space moved through by the driving point; — of 
otiienmse: 

Rule VIII. a. — Find, by the principles of mechanism (see Sec- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several vxyrking points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application, and add 
together the products; the sura will be the required effort. 

Remarks. — This is called '' red/ucing the resistances to the driving 
pointy Rule VIII. A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "/w-tri- , 
ciple ofvirtiud velocities^ When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
oities of their points of application. 

5. Friction in iTiacbiiies.— RuLE IX. — To calculate the resistance 
of friction to the sliding of two surfaces (when the pressure is not 
so great as to grind the surfaces, or force out the unguent), mul- 
tiply the amount of the load, or direct pressure between the sur- 
faces, by the co-efficient of friction. 

Explanation ofifie Table. — ^, angle of repose; /= tan ^, co-effi- 
cient of friction; 1 :/= cotan ^, reciprocal of that co-efl5cient. 
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Wood on wood, dry, 

„ „ soaped, 

Metals on oak, dry, 

i» »i "^^^i 

„ „ soapy, 

Metals on elm, dry, 

Hemp on oak, dry, 

»» i> wet,., 

Leather on oak, 

Leather on metals, dry, 

)f »» yf^ty 

M >» greasy, 

»» »» oily 

Metals on metals, dry, 

,, „ wet and clean, 

,, ,, damp and slimy,... 

Smooth surfjAces, occasionally greased, 

,, „ continaaliy greased, 

,, ,, best resulut, 

Bronze on lignum vitffi, con«lant\y -wel. 
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In order iluit tlie load may neither grind the s ii rikeeg nor force 
oat the nngaent of the bearings of machineiy, the preesnre is to be 
limited by tiie followii^ rales; in which, by area of bearing is 
neant the pvodnct of &e length and diameter of a cylindrical 
bearing; altiion^ tiie real area on which pressure acts is much 
mailer. 

RuuB X. — ^Add 20 to the velocity of sliding in feet per minute, 
and divide 44,800 by the sum; the quotient will be the greatest 
proper intennty of pressure in lbs. on the square inch, with the 
fnr&er limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

Rule XL — ^To calculate the moment qfjriction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine at the angle of repoee (which is sensibly equal to the co-effideot 
of friction). 

6. Paiiey- aad fltmp. — ^Let T^ be the tension at the tighter side of 
the strap, and Tq the tension at the slacker side, so that T^ — T^ 
is the force to be exerted between the strap and pulley; also let c 
be the aire of contact between the strap and pulley, in fractions 
of a circumference, andythe co-efficient effraction. 

BuLE XIL — Given, c, /, and the force T^ — T^; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
iponding to the common logarithm 273 /c; then 

T — T "NT 

T— 1 . T ^ (T — T \ • 



Ti + Tq N + 1 



2 (N - 1) 



•(Ti-To). 



ItsicABK. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient, /, should be estimated on the supposi- 
tion of the sur£M;es being oUy; say 0*15 for leather on metal, and 
0*08 for metal on metal. 

7. BakuiciMs •€ BEacbtaerf. — ^In a machine every piece which 
turns on an axis should^ as frir as possible, have its re-actions 
balanced. 

BxTLE XIII. — In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a "stamdvng balance.'') 

Rule XPST. — ^In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together about the axis by its arm or perpendicular distance 
from the axis. Begard the products as representing forces, each 
pulling the axis towards the mass to which that ^jroduct belon^^ 
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and arrange the masses so that the moments of those forces shall 
balance each other. 

BuLES XIII and XIY. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relativelj' 
to the rotating masses cut each other at right angles ; two inteiv 
secting each other in the axis, and the third perpendicular to it. 
Let m be any one of the masses which rotate with one angular 
velocity about the axis, and x, y, z, its distances from the firsts 
second, and third plaiies respectively. Then for a standing 
balance^ make 

'2' mx = 0; '2' my = 0; 
and for a running balance, make also 

2 ' mzx = 0; 2'm«y = 0. 

8. Work of Tariable F«rce.r— KULE XY. — ^To find the WOrk doDe 

against a varying resistance, or the energy exerted by a vaiying 
eSbrt. Construct a diagram in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinates shaU 
represent forces acting through those distances. The area of the 
diagram (measured by the Kules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Bule, D^ page 67^ is usually accurate enough for this 
purpose. 

Kemabe. — ^If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

Rule XVI. — To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its mean 
breadth; this will represent the required mean force. 

9. Beaiataiice •■■ I^ines •€ I^and-Carriage. — HULE XVlL — To 

find the resistance of a load drawn on a line of conveyance by land; 
to the co-efficient of resistance on a level {/) add lie sine of the 
inclination ( t ) if ascending (or subtract that sine if the inclinatioD 
is descending) ; multiply the load by the sum (or difference). 
In symbols, let W be the load, B the resistance; then 

• R = (/=±zi)W. 

Yalxtes of the Co-efficient of Hesistance on a Level 

I. Roads, — ^Let v be the velocity in feet per second; r, the radiitf 
of the wheels of the carriage in inches; then 



. g + 6 (p - 3-28 ) „ . , 
/ = i— -^ (Monn). 
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a. ft. 

For pavementa, If^"^ '^^ '^^^ 

i~ ^ (to -39 -03 

Yahies of ^ from e xpcnments by Sir Jolm Macneilly^ 
Sandj and gravelly ground, -14; gravel road, 07; 
Broken atone road, from -03 to 02 ; pavemait, -OIJ. 

n. BaUways* — Let Y be the speed in miles an hour; then 

/= from -0027 to -004 ^1 + j^Y 

On euTveSy add to the above vahie of y^ 

3.3 
For carriages with parallel axles, —r: — : — 7—7; 

1*36 
For carriages with moveable axles, — r: — : — 5—7. 
^ radius in feet 

Bulb XVllL — ^To calculate the probable adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion ( = about ^ j. In symbols, let E be 

the weight of the engine, q the fraction resting on driving wheels; 
then 

Adhesion = about ^-=--* 

Obdikaby Values of a and f • 

^ 7 

Na of DriTing ^ a 

Wheela ^ y 

Passenger engines, 2 |^°^ .|3 ;o48 

Goods engines, 4 {£>- [J? -95 

Do do. all I'oo '143 

* Proportion of gross to net load in railway trams ; goods, from 14 to 1} ; 
minerals, from 1} to 2; passengers, about 3. Passenffers without lu^age 
weigh 00 an average about 15 or 16 to the ton; with luggage, about 10 to 
the ton. 
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Ordinary Weights op Locomotive Engines.* 
Weights of Engines loUh separate Tenders, — 

(The Tender weighs from 10 to 15 tons.) Tooa 

Narrow gauge passenger locomotives, six- ) . 

wheeled, with one pair of driving wheels, / ' 9 «> 23 

Do. do. do. nnusuallj heavy, 24 to 27 

Broad gauge passenger locomotive, eight- 1 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

Goods locomotive, from four to six wheels, ) . 

coupled, :.. - 2 ) ^7 to 32 

Weights of Tank Engines, carrying Fud and Walter, — 

Tons. 

For light traffic on branch lines, 12 to 20 

For heavy traffic on steep inclined planes, ) . , 

with from six to twelve wheels, J ^ 

Rule XIX. — To calculate the greatest tractive force (P) of a 
locomotive engine ascending a given gradient. Multiply the 
weight of the engine (E) by the sine of the inclination (i), and 
subtract the product from the adhesion. In symbols,-— 

p = ri - i^ E. 



■(f-*) 



In order that an engine may be able to draw a given load, P mnst 
be not less than R, (Rule XVI.) That is to say, on the ruling 
gradient, let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

(f-i)E=(/+i)T. 

Hence the following rules : — 

E__/+J 
Rule XX. — Given, q, i,f' then T " q 

7-* 

Rule XXL— Given, E, q, T,/; then i = "7 -^^ 

E + *- 

• Proper weight of rails, in lbs. to the yard = 16 x greatest load on » 
dnviDg wheel in tons. 

Weight of a chair; common =» 1 foot of rail : joint « fix)m 1* to U foot 
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Rule XXIL — ^To find the total work done by a locomotive 
Dgine in a given time; multiply the resistance of engine and train 
8 carriages by the distance run, for the net work; then multiply 
J about 1^, to aUow for resistance of mechanism of engine. In 
jrmbols, let x be the distance run; then 



Total work = l^x (/=±= i) (E + T). 

BBcnoN lY. — ^HuLBS beiatino to YABTiKa Speed. 

1. Oeacnd Principles.— An unbalanced force applied to a body 
)roduces change of momentum equal in amount to and coincident 
a direction with the impulse exeiied bv the force. Impulse is the 
iroduct of the force in absolute units (see page 104) into the time 
luring which it acts in seconds. Momentum is the product of the 
nass of a body into its velocity in units of distance per second. 
Fhe unit of mass is the mass of an unit of weight — such as a pound 
ivoirdupois, or a kilogramme. A body receiving an impulse re-acta 
igainst the body giving the impulse, with an equal and opposite 
iapulse. 

2. Accelerati«n aad Retardatl«B«— B.ULE I. — ^To find what imptdse 

8 required to produce a given change in the velocity of a given 
uass; multiply the weight of the mass by the change in its velocity, 
Q units of distance per second. 

(If the change consists in acceleration, the impulse must be 
brward; if in retardation, backward.) 

Bulb IL — To find what energy must be exerted upon or taken 
iwtLj from a given mass to produce a given increase or diminution 
>f its velocity; find the impulse required; divide it by the 
lumber of absolute units of force in the weight of an unit of 
nass, and multiply the quotient by the mean velocity during the 
ihange; — or otherwise: multiply the weight of the mass by the 
change in the value of the hdlf-aqua/re of its velocity, and divide by 
ihe number of absolute luiits of force in the weight of an unit 
>f mass. 

Kemabk. — ^Absolute imits of force in the weight of an unit of 
Dass; in British Measures (velocities being in feet per second), 
32-2 nearly; in French Measures (velocities being in metres per 
second), 9*809 nearly. (See page 104.) This constant is denoted 
by g* and sometimes called ^'grcmty. 

* More exact formula for g^ 

y=flri(l — 0-00284COB2X) (l - ^). 

in which gi = 32*1695 in Briiaak Measures, or 9'8051 in. YtQ&.0[L^<QfbssQs«^\ 
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EuLE IIL — To calculate the actual enotgy of a moving mass; 
multiply its weight by the half-square of its velocity, and divide 

BuLE lY. — To calculate what unbalanced effort, or unbalanced 
resistance, as the case may be, is required to produce a given 
increase or diminution of a body's E^ed, in a given time, or in a 
given distance. 

Case I. — If the time is given; multiply the weight of the mass 
by its change of velocity ; divide by g, and by the time in seconds. 

Case II. — If the distance is given; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
g, and by the distance. 

Rule V. — To find the re-<iction of an accelerated or retarded 
body; find, by Kule IV., the force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Kemark. — The momentum, energy, and re-action of a body of 
any figure undergoing trcmslation are the same as if its whole 
mass were concentrated at its centre of gravity. 

3. I^erlated Illetioii and Gentrlfngal F«rce« — To make a bodj 

move in a curve, some other body must guide it by exerting on it 
a deviating Jhrce directed towards the centre of curvature. The 
revolving body re-acts on the guiding body with an equal and 
opposite centr^ygal force. 

Rule VI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or othsrwise : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and multiply by the radius : — ^the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g. 

Remark. — ^The resvltarU cenl/rifugal force of a rigid body of any 
shape is the same in amount and diction (though not the same 
in distribution) as if the whole mass were collected at its centre of 
gravity. 

Rule VII. — To find the height of a revolving pendulum which 

makes a given number of revolutions per second; divide -j^^y 
the square of the number of revolutions per second. (Approximate 
values of j^, being the height of the pendulum, which makes 

X, latitude of the place ; observing that when 2 X becomes obtuse, the tenn 
containing it is to be added instead of being subtracted ; h, height above the 
ievei of the sea; and H, \^Q «ax^^ t«diM& = 1^,^00^000 feet, or 6,370,000 
metres, nearly. 
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rme revolution per second; 0*815 foot = 9*78 inches = 0*248 
metre nearly.) 

N.B. — The keighi of a revolving pendulum is measured ver- 
tically, from the level of its centre of gravity to the level of the 
point "where the line of suspension cuts the axis of revolution. 

4. B«tatiiis B«di«»— Fi7-Wbeel«. — As to the niomerU of inertia 
of a body turning about an axis, see pages 154 to 156. 

Rule VIIL — To find the angular TnomerUum of a rotating 
body; multiply its moment of inertia by its angular velocity in 
circular measure. (See page 102.) 

KuLE IX. — To find the acttial energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by g. 

KuLE X. — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as the case may be. 

Case I. — K the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case IL — If the angular motion is given; divide the change of 
actual energy by the angular motiou in circular measure. 

BuLE XI. — Given, the alternate excess and deficiency (A E) of 
mergy exerted as compared with work performed in a machine ; 
jo find the moment of inertia of ajly-whed, such that the fluctuation 
of speed (or difference between the greatest and least speed) shall 

not exceed a given fraction of the mean speed (say — j. Let a be 

the mean angular velocity of the fiy-wheel, I its required moment 
of inertia; then 

- 97lpr A E 

1 = 5 • 

a^ 

Ordinary values of m, firom 30 to 60 nearly; of m ^, in British 
Measures, from about 1,000 to 2,000. 

Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, J P c? «, in 
steam-engines of various kinds (Morin). 

NoN-ExPAKSiVE Engines. 

Length of connecting rod _ o #r 

Length of crank "" 5 4 

AE-f.jP6?« = -los -iiS •I2S '132 
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Expansive Condensinq Engines. 

Connecting rod = crank x 5. 

Fraction of stroke at ) i i i i x 

which steam is cutoff/ 3 4 5^7 

AE-rjPc?* = -163 -173 -178 '184 -189 

Expansive Non-Condensing Engines. 

Steam cut off at - - - - 

2 3 4 6 



aE^/ 



Pc?* = '160 -186 '209 -233 



For double cylinder expansive engines, the value of the i 
A E -f / T d 8 may be taken as equal to that for single cjli 

non-expansive engines. 

For tools loorking cU intervcUa, such as punching, slotting, 
plate-cutting machines, coining presses, &c., A E is nearly eqxu 
the whole work performed at each operation. 

5. Falling Bodies.— The following rules apply to a body fa] 
without sensible resistance from the air : — 

Bulb XII. — To find the velocity acquired at the end of a g 
time; multiply the time by g, (See page 245.) 

Bule XIII. — To find the height of fall in a given time; mult 

the square of the tia.e by -^,. 

BuLE XIV. — To find the height of fall corresponding (or "di 
to a given velocity; divide the half-square of the velocity by g. 

HuLE XV. — To find the velocity due to a given height; mult 
the height by 2 g, and extract the square root (or, in Bri 
Measures, multiply the square root of tiie height in feet by 8* 
for the velocity in feet per second ; or, in French Measures, n 
tiply the square root of the height in metres by 4*429 for 
velocity in metres per second). 

Table op Heights due to Velocities, 

Explanation 0/ Symbols. 

V = Velocity in feet per second. 
h = Height in feet = v^ ^ 54.4^ 

This table is exact for latitude £f4°|, and near enough to ex 
21688 for practical pm^^aea m ^^gidx\& oi >ik<^ ^;ds\K^ our&ce. 
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I '01SS3 ay 11-320 

2 *062II 28 12*174 

3 '13976 39 13*059 

4 -24845 30 13*975 

5 '38820 31 14*922 

6 '55901 3« i5'9oi 

7 '76087 32*2 16*100 

^ '99379 33 16-910 

9 1-2578 34 17-950 

10 1-5528 35 19*022 

II 1*8789 36 20*124 
13 2*2360 37 21*257 
13 2*6242 38 22*422 
^4 3-0435 39 23'^ 18 
'5 3-4938 40 24845 
i^ 3-9752 41 26*102 
17 4-4876 42 27*391 
J8 50311 43 28*711 
^9 5*6056 44 30*062 
ao 6*2112 45 31 '444 
21 6*8478 46 32*857 

" 7-5155 47 34-301 

23 8*2143 48 35-776 

24 8*9441 49 37*283 

25 9*7050 50 38*820 
36 10*497 52 41*987 

6. Beiaced inerite. — RuLE XYI. — To reduce the inertia or 
^iMtts of a macliine to the driviD^ point. Multiply the weight of 
^ moving portion of the machine by the square of the ratio of 
^ velocitj to the velocitj of the driving point; and add together 
^ products ; the sum will be the weight of the mass which, if 
^'oiicentrated at the driving point, would require the same force to 
P^ace a given change in its speed, in the course of a given time 
<^ of a given motion^ that is required by the actual machina 



Seotion V. — Stbknoth op Machikery. 

L ShAftfc — See pages 226, 227 for the relations between 
>)«atest twisting moment, greatest working stress, and diameter. 
{g to the twisting moment for which provision is to be made, 
Bgard must be had not merely to the mean moment transmitted by 
le 8haf)> but to ^e ffrecUesi mom/enl. 



54 


45'28o 


56 


48-695 


58 


52-235 


60 


55901 


62 


59*688 


64 


63*602 


644 


64*400 


66 


67*640 


68 


71*800 


70 


76*087 


72 


80*496 


74 


85*029 


76 


89*688 


78 


94-472 


80 


99-379 


82 


104-41 


84 


109*56 


86 


114*84 


88 


120*25 


90 


125*78 


92 


131-43 


94 


137*20 


96 


i43'XO 


98 


149-13 


100 


155-28 



250 ^CACHIKES IN OENERAL. 

EuLE XYII. — Given, the horse-power of the prime mover tha 
drives a shaft, and the number of revolutions per minute; to fin< 
the Tnean twistirig moment: lAultiply the horse-power by 5260, anc 
divide by the turns per minute; the quotient will be the meai 
twisting moment in foot-lbs.; which, multiplied by 12, will giv 
inch-lbs. 

BuLE XYIlI. — In a shaft driven by steam-po\^er, given, th< 
mean twisting moment; to find the gfeatest tioiating momenJt; 

If the shaft is driven by a single engine, multiply by i *6 

If by a pair of engines, ^th cranks at right angles, 
multiply by * i*i 

If by three engines, with cranks at angles of \ 
revolution, multiply by I'og 

2. B«d«. — Piston-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Hule XXIV.) 
Connecting-rods are to be treated as struts jointed at both end& 
(See page 209, Rule XXIII.) 

3. Anns and Teeth ef Wheek. — KuLE XIX. — To find the 

greatest bending moment on an <vrm of a whed; divide the greatest 
twining moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a toolh of 
a whed; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness ofteeth, see page 233. 



Section YL — ^Muscular Power. 

1. Qenerai Ptimcipies. — ^Let P be the effort exerted by an 
animal in performing work, V the velocity of the point at which 
the effort is applied, and T the time for which the efibrt P is 
exerted at the velocity V during a day's work; so that P VT is 
equal, or proportional, to the work done per day. Let Pj, Vj, Ti, 
be the values of P, Y, and T, corresponding to the greatest days 
work of the animal, P^ Y^ T^. Then for values of P, Y, and % 
not greatly deviating m)m P^, Yp and Tp we have 

P Y T ^ 

Pi "^ Ti ■*• Ti = ^' 

BO that when aBy five of those quantities are given, &d sixth may 
be found. 
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Animftlfc ApprozimAle Vftlnet of 

Lbs. 7tperB6& Idles per hour. Seconds. Homu 

tJood average ) 
draught horse, j 
High-bred horse, 64 

Ox, 

Mule, 

Ass, 



20 


36 


H 


nearly. 


28,800 


8 


64 


7-3 


5 


» 


28,800 


8 


20 


24 


1-6 


if 


28,800 


8 


60 


36 


2* 


yy 


28,800 


8 


30 


36 


H 


j> 


28,800 


8 



2. Tables of Performaiitfe •€ Honei. — ^Explanation of Table L : — - 
*, effort in lbs.; V, velocity, feet per second; T, hours' work per 
ay; P V, work per second, in foot-lbs.; 3,600 P Y T, work per 
ay, in foot-lbs. 

I. — "Work op a Horse against a known Eesistance. 



Kind of Exertioa 



V 


T 


PV 


I4§ 


4 


447i 


36 


8 


432 


3*0 
6-5 


8 
44 


300 
429 



8,600 PVT 



I. Cantering and trottinjz, 

light rau- 
way carriage (tnorough- 



drawing a hght 

wayca 

bred), 



2. Horse drawing cart or 
boat, walking (draught 
horse), 

^ Horse driving a ^ or 
mill, walking, 

i. Ditto, trotting, 



min. 224 
niean3o| 
max. 50 



120 

100 
66 



6,444,000 



12,441,600 

8,640,060 
6,949,800 



Explanation of Table II. : — L, net load drawn or carried hori- 
jntally, in lbs.; V^ velocity, feet per second; T, hours' work per 
ay; L V, lbs. conveyed horizontally one foot per second; 3,600 
I Y T, lbs. conveyed horizontally one foot per day. 

II. — Performance op a Horse in Transporting Loads 

Horizontally. 



Kind of Exertion. 


L 


V 


T 


LV 


8,600 LVT 


5. Walking with cart, al- 
wavs loaded..... 


1,500 
750 

1,500 

270 
180 


3-6 
7-2 

2-0 

3^6 
72 


10 
44 

10 

to 

7 


5,400 
5,400 1 

3.000 

972 
1,296 


194,400,000 
87,480,000 

io8,ooaooo 

34,992,000 
32,659,200 


6. Trotting ditto 


7. Walking with cart, go- 
ing loaded, returmng 
empty ; V = J of mean 
velocitv. 


8. Carrying burden, walk- 


9. Ditto, trotting, 
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3. Tables •€ w«rk •# ]iiea.->Explanatioii of Table I. : — P, effort, 
lb&; V, velocity, feet per second; T, houra' work per day; P V, 
work, foot-lbs. per second; 3,600 P Y T, work, foot-lbs. per day. 



I. — Work of a Man against Known Resistances. 



Kind o| Exertion. 



1. Baising his own weight up 

Btair or ladder, 

2. Hauling up weights with 

rope, and lowering the 
rope unloaded, 

3. Lifting weights by hand, 

4. Carrying weights up stairs, 

and returning unloaded,... 

5. Shovelling up earth to a 

height of 5 n. 3 in., 

6. Wheeling earth in barrow up 

slope of 1 in 12, ^ horiz. 
veloc 0*9 ft per sec., and 
returning unloaded, 

7. Pushing or pulling horizon- 

tally (capstan or oar), 

8. Turning a crank or winch,... 



9. Working pump, , 
10. Hammering, 



143 

40 
44 

143 
6 



132 




OS 

075 
055 

0*13 
1*3 

ox)7S 

2*0 
50 

2*5 
14-4 

2*5 

? 



8 

6 
6 

6 

10 



10 
8 

• 

8 
2inins. 
10 
8? 



PV 



725 

30 
24*2 

185 

7-8 

9.9 

625 

45 
288 

33 
9 



a,600PVT 



2,088,000 
648,000 

522i720 

399,600 
280,800 1 

356,400 
1,526,400 

• • • 

1,296,000 

1,188,000 
480,000 



Explanation of Table IL : — ^L, load conveyed horizontally, lbs.; 
V, velocity, feet per second; T, hours' work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L Y T, lbs. con- 
veyed horizontally one foot in a day, 

II. — Performance op a Man in Transporting Loads 

Horizontally. 



Eind of Exertion. 



11. Walking unloaded, transport 

of own weiffht, 

12. Wheeling load in 2-wlieeled 

barrow: retumingunloaded, 

13. Ditto in l-wh. barrow, ditto, 

14. Travelling with burden, 

15. Carrying burden, returning 

unloaded, 

16. Carrying burden for 30 se- 
conds only, 



140 

224 

132 
90 



140 
252 
126 

V ^ 



I; 



I* 

2i 



I* 
O 

117 



10 

10 
10 

7 



\ - 



LV 



700 



373 
220 

22$ 

223 
O 
1474-2 
O 



\ 



8,600LVT 



25,200,000 

13,428,000 
7,920,000 
5,670,000 

5,032,800 



i 
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'— Dat*s Wosx of a Mak requibed fob vabious 

Operations. 

I earth, one cubic yard, thrown not 

tan 5 feet vertically up; if dry, from '05 to '0625 

J mud, „ x>6 to '08 

:g earth with the pick, one cubic 



99 



•025 to -2 



one cubic yard of eai-th in barrows 
30 to 120 feet horizontally; if up a 
t the same time, deduct 6 feet from 
tal distance for each foot of total 

n 'OS to -0625 

; and ramming earth in layers from 9 

iches deep, one cubic yard, „ '06 to '07 

dopes of cuttings, one square yard,.... about '008 

>pes, 6 inches thick, one square yard, „ '008 

lay puddle, one cubic yard, „ '3 

do., do., „ 3 

r rock of moderate hardness with 

average „ '4 

I rock of moderate hardness by blast- 

..........average „ -45 

holes in rock, 100 cylindrical inches, 

, from I'o to '5 

>. do. do., limestone, „ *2 to '15 
lines in rock ; dimensions from 3^ feet 
eet to 3^ feet x 5 feet; one foot for- 

„ 2'o to 5*o 

; rock in tunnels, one cubic yard, „ '75 to 3 o 

., J I. • 1 (men's time, I'I2p: 

ne thousand bncks, < , , j. ' ^^*^ 

* \ boys time, 075 

lortar by hand, one cubic yard, -75 

joncrete, wheeling and laying, one 

ard, '3 

)arrows with stone, one cubic vard,... '06 

one cubic yard of stone 100 feet 

tally; if on an ascent, allow 6 feet 

nee for each foot of rise, '045 

g barrows of stone, one cubic yard,.... -03 

; of rock loosened -7- weight of powder exploded = in small blasts 
to 14,000; average 10,000 : m great blasts from 4,500 to 13,000 ; 
tween 6,000 and 7,000. One lb. of blasting powder fills abont 
aches = 38 cylindrical inches. If gnn-cotton be used instead 
^ow one-sixth of the weight aad one-hall oi tbft «;|$Ma. 
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stone Mmk»t^ B^Jdng Oatting ^^^^^ LaWere^ 

one cnbic yard. Stone. Stona **•"«**!«• Work, 

Dry stone, '64 — i-oo -50 

Coursed rubble, '64 — 'po 'go. 

Block-in-course, ^. '90 1*5; -90 '90 

Do. arching, '90 2*25 -90 '90. 

Ashlar (soft (from i'8o 2*50 X'oo I'oo 

sandstone),.... ( to... 2*50 6*00 2*00 2*00 

Breaking and stone cutting for harder stones; 
hard sandstone = soft sandstone x 2. 
hard limestone, marble, granite = soft san^tone x from 3 to 

Facing ashlar (soft sandstone), per square foot-^ 
stroked, '05; droved, '07 1 polirfied, •!.. 

Curved fitcing = flat x ( 1+ — -rz — r ^ A . 

\ radius in feet/ 

Taking down old masonry, oae cubic yard, from '5 to *6. 

Bricklayer. Labourer. 3^^ 

Brickwork, ordinary, one cubic yard, '6 '6 -2 

{ various ;. 
„ arching and other curved work, '9- '9 | depending 

( on center 
„ in tunnels, about double of similar brickwork ab 

ground. 

Bricklayer. Labourer. 

Laying and jointing drain pipes, one lineal 

foot, per inch diameter, '0025 '0025 

Sinking cylinders for foundations under water with compressed aii 
per cubic yard of earth removed, -67 

Sawing timber, one square foot; 

Pine and fir, from "0045 to '005 

Ash, elm, beech, mahogany, „ '0065 to -007 

Oak, „ -0075 to -009 

Teak, 'oi 

Shaping timber; pine- woods; one cubic 

foot, from '04 to '135 

Planing pine woods, per square foot, '013 

Boring hole f diameter, one lineal foot, in 

pine-woods, -02 

Do. do., in hard leaf-woods, -03 

* Supply of air Bhoxild'be 81^ ^<& 'mXa ^i^ <s^y^ W^\i^^ \&ss^^t minota 
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Erecting centres for arches; per 100 Tfinom 1*55 -75 

Bt^xtaie feet area of soffit, (to... 1*70 *8o 

MttD^itiina. Bf^tiiiMi 

BiTtAting iron ships; from 100 to 140 ) ^^ ro to a-o 

nvets, f •* 

Ualdng plank roads; breadth pknked^ | 

8feet; total breadth, 16 feet; 1 lineal V ix) 

K -..J 
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PART VIIL 

HYDRAXJLICS. 

Sbxition I. — BuLEs belAtixg to the Flow op Water. 

1. Head of Water. — BuLE I. — To find the head of a particle of 
\irater; add together the head of elevation, or height of the particle 
above some fixed or "datum" level, and the head of 'pressure, or 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual rvot to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, theii- difference is called voAMum, 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1-lOOth part of itself for each ^^^ feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. Tolnme and Telocity of Flow. — ItULE II. — To find the vohuM 

of flow of a stream; multiply the mean velocity by the sectional 
area. 

Rule III. — ^To find the mjear^ velocity of flow of a stream; 
divide the volume of flow by the sectional area. 

Kule TV, — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 7*71 feet per second 
greatest velocity + 10-28 feet per second' 

The least velocity, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5; in very slow 
currents, as 2 : 3 : 4. 

In. what follows, 'oolvmA of flow in cubic feet per second will be 
denoted by Q ; the mean velocilt'y oi ^ ^\>x^;dxfiL Sx^ ^^iO* <^ mooid 
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by v; and the seoHonal area in square feet by A; so that Q s 
t; A. 

3. BelatiMi b^Mweoi Kead aad Tel«clt7^RuLE Y.-^TheoretuxU 

head, h, due to a given yelocity, v ; 

Rule VL — Theoretical vdocUy, v, due to a given head^ h; 

V = 8025 JT 

Rule "VTI. — To find the lose of head, A, due to a given gavn 
qf vdocUy in a stream; let the vdocity of a/pproach (or original 
velocity, at the point where the greater howl is) be the fraction, w, 
of the velocity of discharge; let v be the velocity of discharge ; and 
let F be a factor of resistance (as to which, see next Article); then 

Bulb YHL— To find the velocity of discharge due to a given 
loss of head; 



= «025 ^y (i— F— „«)• 



■I 



Rexabk. — n is the ratio of the sectional area of the channel of 
ciiacliarge to that of the channel of approach. When those areas 
^ eqiud, as in an tmiform channel or an uniform pipe, 1 — n^ = 0; 
lod then the formulse become 



A = f4$'« = «-«25V^* 



1 VkctMw •r BMiatMice.— Values of F in Rules YII. and YIII. 
(1.) Friction qfan orifice in a thin plate — 

F = 0054. 

.(2L) Friction of mouthpieces, or entrances from reservoirs into 
•nP^ — Straight cylindrical mouthpiece, perpendicular to side of 
*^e8ervoir— 

F = 0-505. 

Vhe same mouthpiece making the angle ^ with a perpendicular 
^ the ride of the reservoir — 

F = 0-505 + 0-303 sin ^ + 0-226 8in< 0. 

For a mouthpiece of the form of the ^'ooutcMfML ^^mT— M^ ^ 
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one somewhat bell-sbaped — ^and so proportioned that if <f be its 
diameter on leaving the reservoir, then at a distance d -r- 2 from 
the side of the reservoir it contracts to the diameter *7854 d, — ^the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at sudden enlargements. — Let A^ be the sectional 
area of a channel, in which a sluice, or slide valve, or some such 
object, produces a sudden contraction to the smaller area a, followed, 
by a sudden enlargement to the area A^ Let v in the formulsB of 
Rules VII. and VIIL stand for the velocity in the second enlarged 
pai-t of the channel, so that Q = A^v, Let 

n = ^^ (2-618- 1-618 

Then 

F = (w - 1)2 

(4.) Friction in pipes and conduits. — Let A be the sectional area 
of a channel; b, its border — that is, the length of that part of its 
girth which is in contact with the water; I, the length of the 
channel, so that Ibia the frictional surface ; and for brevity's sake 
let A -7- & = m; then^ for the friction between the water and the 
sides of the channel, 

-^ A m' 

Let d= diameter of pipe in feet; then 

For iron pipes (not pitch-lined) *.../= 0005 ( 1 + yo;7 ); 

^ f^rM^nA1 0*000227 

For open condiuts, / = 0-00741 + 

The quantity m = A -j- 6 is called the ^^ hydraulic mean depth 
of channel, and for cylindrical and square pipes running full is oM- 
fourth of the diameter. 

Rule IX. — To find the declivity (i) in an imiform channel of » 
given hydraulic mean depth (m); 

. h / v^ 
/ m 2 g' 

In an open channel this is an actual slope of the surface of th« 
water. In a close pipe it may be a virtual declivity, due wholly of 
partly to diminution of pressure. 

* In iron pipes lined with, smooth. ]^itch the co-efficient of Motion is tM 
cme-sixth part le&a thaain \m\m<^^vgQ!&. 
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(5.) For bends, in circiUcMf pipes, let d be the diameter of the 
pipe; f, the radius of curvature of its centre line at the bend; e, the 
ajDgle through which it is bent; x, two right angles; then 

F = J {0-131 + 1-847(0^}. 
(6.) For bends in rectangular pipes, 

F = 5{o.m.3.io4(/^y}. 

(7.) For knees, or sharp turns in pipes, let be the angle made 
by the two portions of the pipe at the knee; then 

F = 0-946 8in2 | + 205 sin* ^. 

RxTLE X. Summary of losses of head, — When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together ; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel,, in the following manner: — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted by t?; 

Let the I'atios borne to that velocity by the velocities in 
other parts of the channel be known; n^ v being the "velocity of 
approach," Wj v the velocity in the first division of the channel, 
\ V in the second, and so on ;. and let F, be the sum of all the 
^tors of resistance for the first division, F ^ for the second, and so 
^^ ; then the loss of head will be 

^ = "644 (1 - ^2 + Fiw? + Fgwl + &c.) 

5. Contraction of Slrenm — Co-efflcinifs of Diiicharse* — HuLE XL^ 
-To find the effective area of an autlet ; multiply the total area by a 
ftuction called the co-pffident of contraction. 

For uniform streams there is no conti-action, and the co-efficient 

is 1. 

Kemahe. — Sometimes it is impossible to distinguish between 
the effect of friction in diminishing the velocity (expressed by 

1 -^ ij I + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which tlie actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient of efflux or of discharge. 

The quantities given in the following statements and tables ard 
some of them real co-efficients of contractioix, and ^mlq Q,Q-Q&<d^T3Lta 
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of discharge. In hydraulic formulse such co-efficients are usually 
denoted hj the symbol c. 

il.) Sharp-edged circular orifices in flat plates; c = • 618. 
2.) Sharp-edged recta^igula/r orifices in vertical flaJt plates. — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet ; and h the head, measured from 
the centre of the orifice to the level of still water, 

Q = 8025 c A n/X 
Co-efficients of Discharge for Eectangxtlar Orifices. 
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0-05 




• . • 




• •• 


• • • 


.709 


O'lO 




• • • 


• • • 


• • • 


•660 


•698 


015 




• •• 


... 


•638 
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025 
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•617 


•640 


•659 


•682 


030 




•590 


•622 


•640 


•658 


•678 


0*40 




•600 


•626 


•639 


•657 


•671 


050 




•605 


•628 


•638 


•655 


•667 


o-6o 


•572 


•609 


•630 


•637 


•654 


•664 


075 


•585 


•611 


•631 


•635 


•653 


•660 


I -00 


'^9^ 


•613 


•634 


•634 


•650 


•655 


150 


•598 


•616 


•632 


•632 


•645 


•650 


2 -00 


•600 


•617 


•631 


•631 


-642 


•647 


250 


•602 


•617 


•631 


•630 


•640 


•643 


350 


•604 


•616 


•629 


•629 


•637 


•638 


4 -00 


'605 


•615 


•627 


•627 


•632 


•627^ 


6 -00 


•604 


•613 


•623 


•623 


•625 


•62 k: 


8 -GO 


•602 


•611 


•619 


•619 


•618 


•61C 


10 '00 


•601 


•607 


•613 


•613 


•613 


•61::= 


15-00 


•601 


•603 


•606 


•607 


•608 


•60 4 



(3.) Sharp-edged rectangular' notches in flaJt vertical weir hoards, 
— ^The area of the orifice is measured up to the level of still waSgr 
in the pond behind the weir. 

Let b = breadth of the notch ; 

B = total breadth of the weir; then 

provided 6 is not leaa \ibaxL'& -v ^ 
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(4.) Sharp-edged triangular or Y ^shaped notches in flat vertical 
weir hoards (from experiments by Professor James Thomson). — 
Area measured up to the level of still water. 

Breadth of notch = depth X 2; c = '595; 
Breadth of notch = depth X 4; c = 620. 

(5.) PartiaUy-contracted ehcvrp-edged orifice, — (That is to say, an 
. orifice towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Let c be the ordinary co-efficient; 

n, the fraction of the edge of the orifice which coincides with 

the border of the cnannei; 
<fy the modified co-efficient; then 

c' = c + -09 n. 

(6.) Flat or round-topped tueir, area measured up to the level of 
still water — 

c = '5 nearly. 

(7.) Sluice in a rectangular channel — 

vertical; c = 0*7; 

Inclined backwards to the horizon at 60**; c = 0*74; 
„ „ „ at 45°; c = 08. 

(8.) Incomplete contraction, — Let A be the area of a pipe partially 
clc^^d by a partition, having in it an orifice of the total area a 
and effective area c a ; then 

•618 



= 



V{'-"'f) 



6. l^lscliarse firom Hlnlces and Notches. — ^Let h be the breadth of 

the orifice; A^, the depth of its upper edge, and h^, that of its lower 
edge, below the level of still water in the pond ; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second. 

Rule XIL — RecUmgvlar orifi>oe — 

Q = 8025 cy,\h{h} — hA = 5-35 cb(h* — hA. 

BuLE XIII. — Becta/ngular notcli, wiih a still pond; Aq = 0; h» 
measured from the lower edge of the notch to the level of still 
water. 

Q = 8025cX |6Ai'=5-35c6Ai*= (s 05 + -535 g) 6 A^* 
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6 



Table op Values or c ai^d 5 35 c. 
I'o 0-9 08 07 o'6 0*5 o*4 o'3 0*25 



Cj -67 *66 '65 '64 '63 '62 '61 '60 '595 

5'35Cf 358 353 348 342 3*37 3*32 326 3*21 318 

The ctibe of the square root of the head, h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to h^ ; then op- 
posite, in the column of cubes^ will be an approximate value 

of^i*. 

Rule XIY. — Rectomgvlar Tiotch, with current a/pproaching it. — 
"When still water cannot be found, to measure the head h^ up to, 
let r^ denote the velocity of the current at the point up to which 
the head is measured, or velocity of approach: compute the height 
due to that velocity as follows: — 

^0 = "^? -J- ^^'^y 
then, 

Q = 5-35 c h {{h^ + Ao)* — ^0'}" 

Rule XV. — Triangular or Y-shoiped notch, with a atiU pond; h^ 
measured from the apex of the triangle to the level of still water. 

Let a denote the ratio of the haJf-hreadth of the notch at any 
given level to the height above the apex, so that, for example, «t 
the level of still water, the whole breadth of the notch is 2 a A^ ; 

Q = 8-025 ex ^aV = 4-28caAif; 

and adopting the values of c already given, we have, 

for a = 1, Q = 2-54 A^^; for a = 2, Q = 53 h^i. 

For squares and fifth powers, see page 32. 

Rule XVI. — Drovoned orifices are those which are below ths 
level of the water in the space into which the water flows as weLl 
as in that from which it flows. In such cases the difference oi 
the levels of still water in those two spaces is the head to be 
in computing the flow. 

Rule XVII. — Drovmed rectangular notch. — Let h^ and A2 
the heights of the still water above the lower edge of the notch a^* 
the up-stream and down-stream sides of the notch-board respect- 
tiveljj 

Q = 5-^5 cb (^i^^ si ^~>^^^ 
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Rule XVIIL — For vmra with broad flat crests, drowned or iin- 
drovmed, the formulsB are the same as for rectangular notches, 
except that the co-efficient c is about '5, 

RuiiB XIX. — CornputeUixm of the dimensions of orifices. — Most 
of the preceding forinulse can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Rule XII. is applicable, the breadth of the 
orifice is given as follows : — 

6 = Q -- 5-35 c Qi^ — Ao*). 

If Rule XIII. is applicable, the depth of the bottom of the 
notch below still water is given hj the equation, 

If Rule XY. is applicable, 

A^= {Q ^ 4-28 ca}i 

7. Disclmrge of Watrr-PipcB.— RuLE XX. — To find the loss of 

head, h, in a length, l, of a pipe of the uniform diameter, d (all 
dimensions in feet); 



" d 64 



»* no/i I \l ^^ 



Rule XXI. — To compute the discharge of a given pipe; the data 
heiDg h, I, and d, all in feet 

For a rough approximation, we may take an average value for 4 f. 
The vahie commonly assumed is -0258. This gives for the approxi- 
inate velocity 

y = 8-025A/ ^^ =50 \/^; 

?^> a mean proportional hettceen the diameter amd the loss of head 
•** 2,500 feet of length. When greater precision is required, 
loake 

"^i^en the discharge is given by the formula, 

Q = -7854«d?, 



d' = 0-23 
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BuLE XXII. — To find {infee£) the diameter d of a pipe, so thai ii 
shall deliver Q cubic feet of vxxter per second, with a loss of head at 
the rate of Yl feet in each length ofXfeeL 

Assume, as a first approximation, 4/^ = *0258. This gives^ as a 
first approximation to the diameter, 

Compute a second approximation, 

4/" = 0O2(Uj4,); 

if this is = 4/^, d! is the trae diameter; if not, a corrected diameter 
is to be calculated as follows : — 

d=d'.(^)i = ^.(i + Q nearly. 

In the preceding formulie the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let A" denote that additional loss of head; then make a further oor^ 
rection of the diameter of the pipe, by increasing it in the ratio of 

1+54 = 1- 

By a similar process an allowance may be made for the loss 
head on first entering the pipe from the resei-voir, viz. : — 

(1 + Y)i?' -T- 64*4 ; F being the factor of friction of the mouthpi< 

The preceding rules are for clean iron pipes. To allow for 
incrustation, add omje inch to the diameter of all pipes. 

8. Discharge and DimensioDS of Chaaaels. — ^ItULE XXIIL — To 

find the declivity, i, of the upper surface of the water in a channel 
of the hydiuulic mean depth m; 



* = 7 = - • inn = ( '00741 + ) • 

I m 64*4 \ V / 



v^ 



64*4 «i 



HuLE XXrV. — To compite tJie dlscluvr^e of a ^iven stream, the 
data being i, m, and ^e aec\i\oTM\ wKa^ k. ks^waa ^ml «^i^ wawifc 
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value for the oo-efficient of friction, such as/' = O07565; then 
i^efini €kppTcacvmaiion to the velocity is 



•• = 8-025y^_^ = J8512t«, = 92-26 ^J"^; 

or, a mean proporiumal between the hydra/ulic mean depth and the 
faU in 8,512 feeL A finb approxmuUion to the disduirge is 
Qf = t/A. 

These first approximations are in many cases sufficiently accurate. 
To obtain second approximations, compute a corrected value of / 
according to the expression in brackets in Kule XXIII ; should 
it agree nearly or exactly with /', the first assumed value, it is 
unnecessary to proceed further; should it not so agree, correct the 
values of the velocity and discharge by multiplying each of them 

bythefiictor,|-;-|j5. 

Rule XXY. — To determine the dimendone of am, uniform channd 
which shall discharffe Q cubic feet o/uxUerper second with the declivity 
i Assume a figure for the intended channel, so that the propor- 
tkfns of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also the proportion A -r- m^ 
<xf the sectional area to the square of the hydraulic mean depth, 
which will be known although those areas are still unkuown; let 
it be denoted by n. 

Compute first approximations to the hydraulic mean depth and 
velocity as follows : — 



"" \S,5l2n^iJ y n 



m'=l.r^^^^|-.ff=-j^; 



^m these data, by means of Rule XXIIL, compute an approaar 
•wofe declivity, i'. If this agrees exactly or very nearly with the 
£|iven declivity, i, the first approximation to the hydraulic mean 
^epth is sufficient; if not, a corrected hydraulic mean depth is to be 
found by the following formula : — 



m 



="-«+/<)■ 



From the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it 

9. Swell amd Backwater Prodaced hj a Weir. — When a weir or 

dam is erected across a river, to calculate the height, A^, in feet, at 
which the water in the pond, close behind the weir, will stand 
above its crest; Q being the discharge m cxiXAs^ i»^\>^^ td^j^T^v^ 
^ the breadth of the weir in feet; 
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BuLE XXVL — Weir not droumed, with a flat or slightly rounded 
crest — 

^1 = (rtO*' ''^''^^' 

BuL^ XX*^I. — Weir droumed, — Let Ag be the height of the 
water in front of the weir above its crest. 

First apprbximation; A'^ = Ag + (^^) • 

Second approximation; h"^^ h\ — h^ ( 1 — 7 . rr— jt )• 

Rule XXVIII. — In a channel of uniform breadth and de» 
cli-vity — 

Let i denote the rate "of inclination of the bottom of the stream, 
which is also the rate of inclination of its surface before being 
altered by the weir. 

Let ^0 be the natural depth of the stream, before the erection of 
the weir. 

het J^ be the depth as altered, close behind the weir. 
• Let ^2 he any other depth in the backwater, or altered part of the 
stream. 

It is required to find x, the distance from the weir in a direction 
up the stream at which the altered depth ^2 ^^ ^ found. 

Denote the ratio in which the depth is altered at any point by 
2-7- ^Q = r; and let ^ denote the following function of tli^t ratio : — ^ 

1 , 2r+l 111, 

^-^^ara tan. -^ = ^ + ^+ ^.nearly. 

Compute the Values, f^ and ^j* of this function, corresponding to 
the ratios r^ = \ -f- \ and rg = ^j -^ ^o- Then 

The following table gives some values of ^ : — 



r ^ 

I'O 00 

II -680 

I'2 '480 

13 376 

14 304 

'•5 -256 

i'6 '21^ \ 2*^ -065 

17 '1^9 \ 'i'o ***•* *^^ 



18 166 

1*9 147 

2*0 •132 

2'2 '107 

2'4 -089 

2-6 c '076 
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10. Tine of BmptylBg a Uenerrolr. — RuLE XXIX. — Let Q be 

the rate of discharge at the outlet, supposing the reservoir kept 
oonstantlj full, W, the whole volume of water in it Then 

Time in Secondi ts 

2 W 
For a vertical-sided reservoir of uniform depth, -^p 

For a wedge-shaped reservoir (triangular vertical ) 4 W 
sections; maximum depth of the sections uniform), J 3 q 

For a pyramidal reservoir (base at the surface, apex ) 6 W 
at the outlet), j 5^ 

Rule XXX. — To find the time required to eqiialize the water*' 
level in two adjoining basins with veHical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. Cascade from a Weir^Crcst — RuLE XXXI. — To find the 

horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fafl below that crest ; take 
once-and-a-third of a mean proportional between that fall and the 
height ifrom <the weir-crest to still water in the pond. 

12. Rain-Fall. 



Inches 


'Cubic feet 


Qalloiui 


Cubic feet 


Gallons 


Inches 


Depth of 
Bdn-fall. 


on 


on 


on a 


on a 


Depih of 
BaUi-falL 


an acre. 


an acre. 


sqnaremile. 


square mile 


t 


3»630 


22,635 


2,323,200 


14,486,314 


I 


d 


7,260 


45,270 


4,646,400 


28,972,627 


2 


3 


10,890 


67,905 


6,969,600 


43,458,941 


3 


4 


14,520 


90,539 


9,292,800 


57,945,254 


4 


5 


18,150 


"3,174 


11,616,000 


72,431,568 


•5 


6 


21,780 


135,809 


13,939,200 


86,917,882 


6 


7 


25,410 


158,444 


16,262,400 


101,404,195 


7 


8 


29,040 


181,079 


18,585,600 


i 15,890,509 


8 


9 


32,670 


^03,7 14 


20,908,800 


^30,37^22 


9 


10 


3^,300 


226,349 


23,232,000 


144,863,136 


10 



For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inch of rain per annum on cm acre is roughly equivalent to 
<6ii cubic feet per day. 

An inch of rain per annum on a square mile is roughly equi- 
valent to forty tliouaand gallons per da.y. 

Annual depth of rain-fall in different countries and seasons 
lunges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Ratio of available to total rain-fall on gathering-grounds; steep 
imperviouB rock, from 1*0 to 0*8 \ moot\&xA^'QL^\c^ >^'^^\xxfc^'^vi\si^ 
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o *6; cultivated land, from '5 to % and sometimes less; 
ik, 0. 

Greatest depths of rain in short periods: one honr, 1 inch; four 
irs, 2 inches; twenty-four hours, 5 inches. 

13. siabiiitf of Bed of Stream.— Greatest velocities of the current 
>8eto the bed, consistent with the stability of various materials : — 

Soft clay, , 0*25 foot per second. 

Fine sand, ; 0-50 ,, ,, 

Coarse sand, and gravel as large as peas, 0*70 „ „ 

Gravel as large as French beans, i 'oo „ „ 

Gravel 1 inch in diameter, 2*25 feet per second. 

Pebbles 1^ inch diameter, 3*33 „ „ 

Heavy shingle, 4*00 „ „ 

Soft rock, brick, earthenware, 4*50 „ „ 

Rock, various kinds, { fnTnp^anfa. " 

14. StreagUi of Water-Plpes.— RuLE XXXIL — To find the leoti 
proper thickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in foetof vxUer (see page 
103) by 12,000, and multiply the bore or internal diameter of the 
pipe by the quotient: secondly; take a mean proportional between 
the internal diameter and (me forty-eighth of an inch: the greater 
of those two quantities will be the required thickness. 

KuLE XXXIII. — To fiod the greatest working pressurCy in feet of 
water, which a cast-iron pipe wiU safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs, to the foot, see pages 149 and 153. 

KuLE XXXIV. — For the weight of one foot of a cast-iron pipe^ 
in fractions of a ton; multiply the difference of the squares of tli< 
outside and inside diameters by *00108. 

A^fav/iet on a 9 feet length of pipe adds between one-tenth an 
one-twentieth to the weight GaUonaper 

It). Demand for Water in Towns. peroilj. 

Used for domestic purposes (liberal supply), 15 

Washing streets, extinguishing fires, supplying foun- 
tains &c., 3 

Trade and manufactures, 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 



Total, under careful regulation, 

Additional waste, in some cases^ 

Total in some caaea, ..•••..**•*« ^ 




WATER-SUPPLY — HTDRAULIO PRIME MOVERS. 269 

Greatest hourly demand = from 2 to 2^ x average hourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section II. — Rules relating to Htdraulic Prime Movers. 

1. demerai Bales. — RuLE I. — To calculate the total or gross 
power of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-race to the surface of the tail- race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due to velocities, see pages 248, 249.) Multiply the sum 
(or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-power. 

Remark. — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 265. 

Rule II. — ^To estimate the net or effective power of a fall of water ; 
multiply the gross power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0*65 to 0-75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for undershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0*6 to 0'8. 

Rule III. — ^The velocity oj greatest efficiency for a water-wheel 
is as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 0*4 to 0*6 (or on an average 
one-half) of the velocity of the feed- water; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). 

In Cases L and II. the surface-velocity is measured at the place 
where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
cutlets to be that due to the whole head. 

Remark. — If the whole head is used to impel the feed- water (as 
in wheels which act wholly by impulse). Case I. of Rule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given. Case I. 
determines how much of the head is to be used in giving velocity to 
tfke feed- water — via, the head due to ixom ^\ \a ^\>^'t ^^ «:^^^^^^ 
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to double of the mean apeed of the wheel. For relations between 
head and velocity, see page 249. 

2. Orenhotand BreaMt WheeU. — E.ULE lY. — Diameier of OVershot 

wheel = fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheel. Ordinary velocity of 
outer surface of wheel = 6 feet per second ; velocity of feed- water, 
12 feet per second; head for that velocity, about 2*25 feet. 

A brecist wlied may be made of any greater diameter. 

Rule V. — To find the dea/r breadth {I) between the crowns (or 
flat rims of the wheel), called also t\\%'length of the buckets. 

Let Q be the volume of water, in cubic feet per second ; w, the 
suiface velocity of the wheel, in feet per second ; r, the outside 
radius of the wheel ; 6, the depth of shrouding ( = from 1 to 1 '75 
foot); (all measurements in feet). The buckets, are supposed to 
run two-thirds fuU. Then, 

3Q 



1:= 



2ub 



o-f.) 



Rule VI. — Other dimensions of buckets. Distance between 
their bottoms, measured on the sole (or inner circumference) = b. 
Opening between lip of bucket and froiit of the next bucket above 
— when the slope of the circumference of the wheel at the point 

where the water is fed to it is between. 0° and 24°, t ; for steeper 

slopes, « X sin. slope. 

Rule VII. — To find the best positions for the guide-blades^ 
between which the water flows on to the wheel. 

In fig. 103 let A B be a section of a bucket, B its lip. Draw 

f-BL the straight line B D H a tangent to the cir- 
cumference of the wheel ; and make B D = tc, 

the surface velocity; and B H = 2 w. Dra-^r 
D L parallel to a tangent to the lip of tHe 
bucket; draw HC perpendicular to BB*, 
cutting D L in C; join B C. 

Then B represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
top water level in the penstock due to that 
velocity. 

Also, ^^ H B C will be the proper angle 
for the guide-blades of the middle outlet to 
■make V\\)[i W\^ Wev^^^wV;*. t^ the circumference 




FiV 103. 
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it^ in order that the water may glide into the bucket without 
collision. The cO'^fflcierU of contraction for orifices between guide- 
blades is about c = 0'75; consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 

2Q 



formula^ A = 



3 u 



and this is to be provided by having a 



sufficient number of outlets before and behind the middle outlet 
The positions of the guide-blades for these outlets are found as 

follows : — 
Take the depth of the narrowest part of each outlet below the 

topwater level of the penstock; compute the velocity due to that 

depth ; from B lay off distances, such as B K, B L, representing 
those velocities, so as to find a series of points, such as K, L, in the 
line D C L; then will .^ H B K, ^^ H B L, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 

of outlets where the velocities are B K, B L ; and so on for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 
blades, the height of the topwater above the regulator^ necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 0*7, should be computed by the for- 
mula h' = f J7 . ) ; and the depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Undershot Wheels (Ponceleto*).— BULE YIII. — {Usuol dtJnen- 

fions of whed and sluice) 
Diameter = fall x 2, nearly. 
(The fall is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet) Depth of shrouding 
= ^ fall. Greatest depth of 
opening of sluice = | falL 
To calculate breadth (6) of 
opening of sluice; let Q be 
the volume of water, in cubio 
feet per second; A, the fall 

5Q 

in feet; then h = t~t"v 




Fig. 104. 



IUjle IX. — To design the wheel-race. In fig. 104 draw H F G a 
tangent to the wheel, with a declivity of one in ten. 
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Fig. 105. 



At the height j^ above H F G, draw K L to represent the 

upper surface of the stream, meeting the circumference of the 
wheel at the point L. Then make the section of the bottom of 
the wheel-race from G to F an arc of a circle, equal to G L, and 
of the same radius; that is, the outside radius of the wheeL 

From G to £ the wheel-race is formed so as to clear the wheel 
by about 0*4 inch. 

BuLE X. — To design theJlocUa: — 

In fig. 105 draw B C to represent the direction and velocity of 

the stream of feed- water A, and B N 
a tangent to the circumference of 
the wheel at the centre of that 
stream; and from let fsJl ON 
perpendicular to B N. Make B D 

line will be parallel to a tangent to 
the lip £ of the float The rest of 
the float may be made of the figure 
of I a circular arc, touching a radius 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig. 103) are in general a sufficient 

number. 

The efficiency of this wheel is about '6 when not drowned, and 

48 when drowned. 

4. UndenAM Wheel in an Open Cnrrent. — ^Wheels of this claSS 

have their floats usually plane and radial, and fixed at distances 
apart equal to their depth. 

Rule XL — The following is the useful work per second of 
such a wheel; v being the velocity of the current; w, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic fool of water : — 

Rt.=.0»8^^^(^^^>^. 

9 

The velocity of the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efficiency at that speed 
18 0-4. 

5. TnriiiBefc— Bulb XIL — ^For the vdocUy of the feed-walUf; 
in impulse turbines take the velocity pi*oduced by the whole head; 
in pressure turbines, the velocity produced by half the head. 

Bulb XIIL — To find the proper obliquity of the guid^blades to 

the receiving sni&ce of tbd ^heel; divide the volume of feed- 

wuter per second by \ihe axea oi VS[i<^ 't^vrvs^^ ^xn^ftf:^ v:&> ^k<^ ^heel 
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(diminished bj ^ for contraction), and bj the velocity of feed; the 
quotient will be the sine of the required angle. 

BuL^ XIV. — To find the proper obliquity of the floats to the 
Teoeiving surfisuse of the wheel j in impulse twrhines proceed as in 
Rule X., page 272; in pressv/re turbines make the receiving ends 
of the floietts perpendicular to the receiving suiface of the wheel 

RuuB XY.— (In this rule the discharging surface of the wheel 
is supposed to be, as it ought, equal to the receiving sur£Eice.) To 
find the obliquity of the floats to the discha/rging surface of the 
wheeL In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats j in pressure turbines take the tan- 
gent of the obliquity of the guide-blades. Multiply the tangent so 
found by the i^ius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient wiR be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Re-«cti*H Wheels.— KuLE XYI. — To find the proper total 
area of orifices for a re-action wheel ; divide the volume of water 
per second by the velocity due to twice the head. 

7. Hydflulie Bam.— The following proportions for hydraulic 
lams have been found to answer in practice :— 

Let h be the height above the pond to which a portion of the 
water is to be raised ; 

H, the height of topwater in the pond above the outlet of the 
waste dack; - ^ 

L, the length of the supply pipe from the 
pond to the waste clack; 

D, its diameter; then 



Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
A above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
^e nun has been found by experience to hiave ^ 
the following average value : — 

^ = |, nearly. 

& WtadbMiihb— Smeaton's proportions for sails. (See fig. 106.) 

AB = iAO;BO = |AO; BD = CE = iAO; OF=^AC. 

. ^91^209 ofuwUher, or obliquities of the sail to the plane of rota- 
^ou, at different distances firaid the axia oi ^3b& -"VHsA-^SEffi^*) 



Fig. 106. 
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Distance in sixths of A B, ... i 2 

(first bar) 
Angle of weather, 18** 19** 

Best speed for tips of sails, 2*6 x speed of wind. 

Effective power, in foot-lbs. per second = 0*00034 At?*; where 
A = area of circle swept by sails^ in square feet, and v = velocity 
of wind, in feet per second. 

Section III. — Rules relating to Propulsion op Yessels. 

1. BMtetance of TeMeiiu— For relations between speed in feet 
per second and speed in knots, see pages 102, 114. 

BiTLE I. — Given, the intended greatest speed of a ship in knots; 
to find the least length of the after-hody necessary, in order that 
the resistance may not increase faster than the square of the 
speed; take three-eighths of the square of the speed in knots for the 
length in feet (Scott Bussell's Bule). 

To fulfil the same condition, the fore-body shoudd not be shorter 
than the length for the after-body given by the preceding role, and 
may with advantage be 1^ times as long. 

Bxtle II. — To find the greatest speed in knots suited to a given 
length of after-body in feet; take the square root of 2| times that 

ICDgtL 

Bule III. — ^When the speed does not exceed the limit given by 
Kule IL, to find the probable resistance in lb&; measure the 
Tnecm immersed girth of the ship on her body plan; multiply it 
by her length on the water-line; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the cmgrnented 8urf<ice, Then multiply the augmented 
surface in square feet by the square of the speed in knots, and bj 
a constant co-effident; the x)roduct will be the probable resistance 
in lbs. (See also page 303), 

Co-efficient for clean painted iron vessels, "01 ; 

„ for clean coppered vessels, '009 to 008; 

„ for moderately rough iron vessels, 'Oil and upwards. 



Kxtle III. A. — For an approximate value of the resistance in 
well-designed steamers, witJi clean painted bottoms; multiply tbe 
square of the speed in knots by the square of the cube-root of tbe 
displacement in tous. For different types of steamers the reost- 
ance ranges from '8 to 1 '5 of that given by the preceding calcnlir 
tion. 

Bule IV. — ^To estimate the net or effective horse-p<yu)er expended 
in propelling the veaa^*, mx][!^\^V^ tl\Q resistance by the ^eed in 
knota, and ^vide the ^to&sici\i\>^ ^^i&« 
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Rbub^ rV. A. — To estimate the gross or indicated liorae-power re- 
qBiied; di-vide the sane product bj 326, and by the combined 
efficiency of engine and propeller. In ordinary cases that efficiency 
is from '6 to '625 — average-, say '613; therefore in such cases the 
preceding product is to be divided by 200. 

2. Thmat •€ Propellers. — HuLE Y. — To calculate the thrust of a 
propelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, relatively 
to the shipy in knots; the real slip, or part of that speed which is 
impressed on that stream by the propellerj also in knots; and the 
constant 5*66 for sea- water, or 5'5 for fresh water. 

EuLE YI. — Given^ the product of the velocity of advance, in knots, 
of a screw propeller as if through a solid (= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
water in which it works (also in knots); required the product of 
speed and slip of the stream &om the screw, for use in Bule Y. 

*8 nitch of screw 

Multiply the first product by 1 — —t- ^ . (This is a good 

^ "^ ^ . circumference ^ ° 

rough approximation when the circumference is between 1^ and 3^ 
times the pitch.) 

ExMARK. — ^The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
ladial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

^ outer radius of wheel \ , 

^height of axis above watery' ^' 

3. HonieHt ef SaiL—The centre of hiwyancy of a ship is the 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rule YII. — To find the height of a ship's irieta^centre above her 
eerUre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the hcdf-hreadths at the load 
>Krater-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its base. Find the firea of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
Tolume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre of hvuoya/ncy; fix)m which 
gabtractdng the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the metacentric 
hdgkL 

Rule YIII. — To find the moment of saU that a ship can bear; 
multiplj together the metacentric iiei^t m i<^\>) 'ik^^ ^icks^gts^s^- 
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ment in tons, the factor 2240 (to reduce the tons to pounds), and 
tlie sine of the intended angle of steady heel; the product will be 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: ships, '07; 
schooners and cutters for trade or war, '105; yachts, '157. 

BuLE IX. — To calculate the momerU of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of effort of the 
sails above the centre of lateral resista/nce of the vessel. 

B.EMAAKS. — Sails are adapted to a vessel by so adjusting their size 
and figure that the riesults of Rule VIII. and Rule IX. are equal 
The pressure of wind to which the extent of canvass called "all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The centre of lateral resistance is at a depth below the surface 
of the water nearly equal to half the vessel's draught of water 
amidships. 

The equivalent triangle has for its hose a line which usually ex- 
tends hori?5ontally from the clew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the tack of 
the jib; — and for its height, three times the height of the centre of 
effort above its base (called the base of saU), 

Rule IX. a. — Given, the moment of sail, M, as found by Rule 
VIII., and the base of sail, h ; to find the height, «, of the centre 
of effort above the base of sail; also the area of saiL Let h be the 
height of the base of sail above the centre of lateral resistance; 
,, ^ //2M h^\ h . ,, . 

then z = A/ 1 3-T-+ J ) — o' ^^ ~ ^ ^ 

Examples of length of base of sail ^length of vessel on load 
water-line. Fore and afb rigged vessels, 1*9 to 1*6; square rigged 
vessels, 1*6 to 1*35; full-powered steamers, 1*0 to 0-5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). i 

Rule X. — Direct pressure of wind in lbs. <m the square M 

- (velocity of wind in knots)^ 
nearly = i ^— j^^ L 

(See Shipbuilding^ Theoretical and Practical, by Watts, Rankme^ 
Kapier^ and Barnes.) 
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PAET IX. 

HEAT AND THE STEAM ENGIKR 

Section I. — Rules relating to the Mechanical Action of 

Heat, especially through Steam. 

1. ThenB*d7BiftiiiicB. — As to measures of temperature, and of 
quantities of heat, see pages 105, 106. 

Bule L — To find the quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

Rule IL — To convert quantities of heat into eqmvalent qtumtUiea 
tftoork: — 

Multiply by 

British Fahrenheit-units into foot-lbs., 772; 

British Centigrade-units into foot-lbs., ^>390 j 

French units into kilogrammetres, 424; 

British units of evaporation into foot-lbs., 7 45,800 ; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dynamical equivalent 
of heat, often called "Joule's Equivalent," and denoted by J. 

Eule III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105) : — 

In Fahrenheit's degrees, add 46 i^*a 

In Centigrade degrees, „ 274*0 

In E^aumur's degrees, „ 219-2 

Fahr. Cent B^n. 

Absolute temperature of melting ice, 493*''2 274° 2i9°*2 

Atmospheric boiling point of water, 673* 2 374 299 '2 

(See Table, pages 280, 281, 282.) 

Bulb IV. — To find the efficiency of a perfect heat engine, working 
between given limits of temperature; divide the difference or rcmge 
between the limits of temperature, by the higher limit of abaolvie 
tem/peratwre, 

Behark. — ^The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in. the course of 
improvement. 
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Table of the Elasticity of a Perfect Ga&. 



XXFLANATION OF STMBOL& 

T. — ^Temperature, measured from the ordinary zero. 

t — ^Absolute temperature, measured from the absolute zera 

P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot 

V. — ^Volume of one pound avoirdupois in cubic feet. 

PY. — Product of these quantities at any given temperature. 

PoY(^ — Yalue of that product for the temperature of melting ice. 



Gentkrade. Fahrenheit 

T I T I 

-30** 244** -22** 439*2 

-25 249 -13 4482 

-20 254 - 4 457*3 

-15 259 + S 466-2 

^10 264 14 475*2 

- 5 269 23 484-2 

o 274 32 493-2 

4-5 279 41 502-2 

10 284 50 511*2 

15 289 59 520-2 

20 294 68 529-2 

25 299 77 5382 

30 304 86 547-2 

35 309 95 55^-2 

40 314 104 565*2 

45 319 "3 574*2 

50 324 122 583-2 

55 329 131 592*2 

60 334 140 601-2 

65 339 149 610-2 

70 344 158 619-2 

75 349 167 ^aS'^ 

80 354 176 6372 

85 359 185 6462 

90 364 194 655-2 
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Centigrade. Fahrenheit. ^^ 

T « T «^ P,Vo 

95^ 369' 203* 6642 1-3468 

100 374 212 673*2 1*3650 

105 379 221 682-2 1*383^ 

no 384 230 691*2 1*4015 

115 389 239 700*2 1 4 1 97 

120 394 248 709*2 1*4380 

135 399 257 718*2 1*4562 

130 404 266 727*2 1*4744 

135 409 275 736*2 1*4927 

140 414 284 745*2 15109 

145 419 293 754*2 1*5293 

150 424 302 763*2 1*5474 

155 429 3" 772*3 1.5657 

160 434 320 781*2 1*5839 

^65 439 329 790*2 1*6022 

170 444 338 799*2 1*6204 

175 449 347 8o8*2 1*6387 

180 454 356 817*2 1*6569 

185 459 365 8262 1*6752 

190 464 374 835*2 1*6934 

195 469 383 844*2 1*7 1 17 

aoo 474 392 853*2 1*7299 

305 479 401 862*2 1*7481 

210 484 410 871*2 1*7664 

215 489 419 880*2 1*7846 

320 494 428 889*2 1*8029 

230 504 446 9072 1*8394 

340 514 464 925*2 1*8759 

350 524 483 943*2 1*9124 

360 534 500 961*2 1*9489 

370 544 518 979*2 1*9854 

380 554 536 997*2 2*0219 

99^ 564 554 1015*2 20584 

300 574 '572 1033*2 20949 

310 584 590 1051*2 2*1314 

330 594 608 1069*2 2*1679 

330 . 604 626 1087*2 2*2044 

340 614 644 1005*2 2*2409 

350 624 662 1123*2 2*2774 

360 634 680 1141*2 2*3139 

370 644 6^ 1159*2 2*3504 

380 654 }i6 1x77*2 2*3869 



82 EIABTiOlTt OF A PERFECT OAdb 

Centigrade.. Fahrenheit. P^ 

T t T 1^ P^ 

390*^ 664* is^"* "953 2-4234 

400 ......... 674 ..% ^^ 752 1213-2 2-4599 

410 684 770 1 231 -2 2-4964 
420 694 788 1249*2 2-5329 
430 704 806 1267-2 2-5693 
440 714 824 1285*2 2*6058 

450 ......... 724 v^ 842 i303*« ^— 2-6423 

460 734 860 1321-2 2-6788 
470 744 878 1339-2 2-7153 
480 754 896 1357-2 2-7518 
490 764 914 i375'3 2-7883 

500 ......... 774 93« .........1393*2 .V.......... s-8248 

520 794 968 1429-2 2-8978 

540 814 1004 1465*2 2*9708 

560 834 1040 1501-2 30438 

580 854 1076 1537-2 3-1 168 

600 874 1112 i573'2 ....V....... 3-1898 

620 894 1 148 1609-2 3*2628 

640 914 1 184 1645*2 33358 

660 934 1220 1681*2 3*4088 

680 954 1256 1717*2 3"48i8 

700 974 1292 1753*2 V 3*554? 

720 994 1328 1789-2 3-6277 

740 1014 1364 1825-2 3-7007 

760 1034 1400 1861-2 37^37 

780 1054 1436 1897-2 3-846 

800^ 1074 ....w. 1472 .V 1933*2 3"9i9' 

820 1094 1508 1969-2 

640 1 1 14 1544 2005-2 

860 1 134 1580 2041-2 

880 1 154 1616 2077*2 

900 1174 •• 1652 .V 2113*2 

920 1 194 1688 2149*2 

940 1214 1724 2185*2 

960 1234 1760 2221*2 

980 1254 1796 2257*2 

1000 1274 ,.\ ••• 1832 V 2293*2 ••••b 




HEAT BNOIN ESM-STEAM. 283 

BuLE "V". — To find the total toork in a heat-engine done by a 
given expenditure of heat; reduce thffe expenditure of heat to units 
of work (see Rule II., page 277), tind multiply by the efficiency. 

Remabk. — ^A quantity of heat equivalent to the total work 
thus found disappears; a&d the remainder of the heat expended 
18 rejected. 

Bulb YI. — To find the expenditure of heat iti a heat-engine 
required in order to do a given total quantity of work ; divide by 
the efficiency, or multiply by its reciprocal; the product wiU be the 
required expenditure oT heat expressed in equivalent units of work ; 
which miay be reduced to units of heat by dividing by the proper 
oo-efficient, as giveto in Rule 11. 

As to expansion by heat, see pages 147^ 148; -also Tables, pages 
278 to 282. 

Rule VII. — To find the total heat of evaporation of an unit of 
weight of wateir : the temperature of %he feed- water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
Units, or 537 French units), add 1 for every degree that the feed- 
water is belcno the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is aibove the atmospheric boiling point. 

To calculate the same quantity in units o/ evaporation at tM 
atmospheric boiling point, divide the result of t^e preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Rule YIIL — To calculate the pressure of steam corresponding 
to a given boiling point, or the boiling point corresponding to a 
given pressure. Let p he the pressure (absolute); t, the boiling 
point, in absolvie temperature; A, B, "Q, instants. Then 

A B C 1 //A=-logj» B2\ B 

log;, = A -----,;- = ^^— ^ + ^ ^ _ 

Values of constants fo^ steam, with common logarithms, and 
pressures in lbs. on the square inch,— ^ 

A LogB. LogC. 2^. ip^. 

6-I007 3*43642. 5*59873 0'00344i 0*00001184 

B = 2732i = 396045. 

Rule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference betweeli the logarithms of the voltimes 
is very nearly siocteen seventeenths of the diffelrence between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This rule serves to fina volumes of steam corresponding to pressures 
intermediate between those given in tti^TL^^^^^^^^^tiXa^i^* 
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VOLUME, WEIGHT, AND WOBK OF STEAM. 289 

KuLE IX. A. — {Founded on Fairhaim cmd Tai^a Rule for the 
Voihime of Stea/nhy hut with different constants.) — To the absolute 
pressure in lbs. on the square inch, add 0*35; divide 389 by 
the sum; to the quotient add 0*41 ; the sum will be the volume of 
one lb. of steam in cubic feet, nearly, for pressures ranging from \ 
atmosphere to 10 atmospheres. 

For relations between pressures, volumes, and temperatures of 
steam, see Plate at end of volume. 

Rule IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

Effect of Salt on BoUing-point, — Each 32d part by weight of salt 
in water raises the boiling-point F-2 Fahr. = 0°'67 Cent. Ordi- 
nary sea- water contains one-32d part of salt. 

2. Action of Steam in Cylinder. — KULE X — To calculate the 

indicated povjer of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minuta 

From the indicator-diagram (as explained in page 242, Hules 
XV. and XVI) determine the mean effective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine; the product will be the indicated power in foot-pounds per 
minute; which, being divided by 33,000, will give the indicated 
horse-power* 

Remabk. — As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept, see page 239, 
E.emark on Itule lY. 

Rule X. a. — Or o^Aenowe;— Multiply the meam, effective pressure 
by the area of piston, for the load; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called mean speed of piston,) 

Remabk. — The effective or available pouter is usually about 0*8 
of the indicated power; that fraction being the efficienci/ of the 
mechamMm, 

Rule XL — In a proposed stea/mr-enginey to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 

* When indicator-diamins are taken for scientific purposes, the weather- 
barometer should be observed, in order that abwlute pressures may be de- 
duced from the diagram ; which of itself shows only differences between the 
jiressuree of the st€»m and of the atlaosplieiA, ^V) ^'ONCSDassQk^'^S^nHssssRK 
pages 10^ lis. 
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290 HEAT AND THE STEAM ENGINE. 

A 

of the. piston in fed per second; — , tHe ratio in wHicb tHe area of 

the piston is greater than that of the steam-port of the cylinder; t^ 
the absolute temperaiwre of the steam in Fahrenheit degrees; then 
the required ratio is Trntrrly^ 

t;gA« 

180 t ««• 

The velocity of the steam in the port, — ^ should not exceed 

10000 
100 feet per second; and then the ratio becomes 1 loTrr 

= 1 — -— nearly for Fahrenheit's scale, or 1 — — for the Centigrade 

scale. Let t = 720^ Fahr. = 400** Cent ; then the ratio = 092 
nearly. 

BuLE XIL — ^To calculate approximately the ratio (^^J i 

which the mean aibsoltUe preaswre in a cylinder will probably be 
less than the mitial ahsohUe presay/re at a given rate of expansion 
r. (When r exceeds 2, the accumulatioD of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 

Pi «* 

(The quantity t ^^ may be computed by taking the reciprocal of 
r (called the effedwoe GU^off)^ and extracting the square root four 
times.) 

For results of Method 1, see Table A, page 292; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

y^_l4-hyp. log. T 
Pi r 

For hyperbolic logarithms, see page 14. For results of Method % 
see Table £, page 292. 

Hekabe. — In ordinary practice, the difference between the 
results of those mellio6^ ^ ^ ^mall^ that the choice between 
theia depends mainly on N7\ie^^i^e;£ ^\aXX<^ ^i ^n^^ssx^^i^ ^\l ^ table of 
hyperbolic logaritlima ia atliiaxkdu 
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Method 8 *— (See ^g. 107.) Draw a straight line C A B, iu 

which make A B = 4 A C. Draw A D perpendicular to C A B; 

and about C describe the circular arc BD cutting AD in D. 

D E 
Then in D A take E, so that =r--r shall 

JL> A 

represent the effective cairoff (and 

DA 

oon8equently:pP=, the rate of expansion). 

At E draw E F parallel to A B. Then 

EF 

--_. will be the required ratio of mean 

A i5 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
l^oee of Methods 1 and 2. ^«- 1^7- 

RxTLE XIIL — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the vMan 
^ective preseu/re; multiply the initial absolute pressure by the 
ratio found as explained in Rule XII. ; the product will be the 
mean absolute pressure; from which subtracting the hack-preeeuref 
the remainder will be the required mean effectiye pressure. 

Aheohde back-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

ItuLE XIY. — To allow for the effecis of clearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effectiye cylinder-capacity; j, the a^ctiuxl 

ciU^ff, or fraction of the stroke during which the steam is admitted; 

', the effective cut-off, or reciprocal of the rate of expansion. Then 



1 

- =1 ; and r = r^* , * ^ % 

rl + c' 1 + cr 



1 r , 1+c 



From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Bi^es XII. and XIII. ; let 
it be denoted by pm : then the corrected mean aheotute pressure is 
as follows : — 

Case I. When there is no cushioning; p'm=Pm''<^ (Pi^Pm)} 
Pj^ being the initial absolute pressure; 

Case IL When steam enough is cushioned to fill the clearance 

at the pressure p,;/.= ^»- 
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ExPANSjvE Working 


OP Steam.- 


-Table A.- 


-Dfy SaJtwrated Steam, 


f 


\ 


rPm 


P\ 


a 


Pm 




r 


P\ 


rpm 


P^ 


Pi 


20 


•05 


373 


•268 


53^ 


•186 


I3i 


•075 


339 


•295 


393 


•254 


10 


•I 


314 


•318 


318 


•314 


8 


•125 
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6| 


'15 


278 


•360 
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2^ 
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2f 


•4 
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1*32 


756 


2§ 
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178 
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•800 
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i'i9 


•840 


'^ 


•55 


1-59 
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If 
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I'll 
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'^ 
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I -08 


•926 


I^ 
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1*35 
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I '06 


•945 


I^ 
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128 


778 


1*04 


•960 


4 


•8 


1*22 


•819 


I*02 


•976 


I^ 


•85 


i'i6 


•861 


I'd 


•986 


1* 


•9 


I'll 


•903 


1005 


•995 




Table £. — ModeraJtdy Moist Steam. 
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4'oo 


•250 


S'oo 
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•075 


3'59 
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•269 


10 


•I 
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•303 
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'330 


8 


•125 
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2*6o 


•385 


6| 


•15 
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•435 


5 
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•59<5 


3j 

2f 
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ExPLAKATiON OP TABLES. — T, rate of expansion; -, effective 

cat-off; jpp initial absolute pressure; pm, mean absolute pressure. 

KuLE jtV. — To find the effective cylirider-capacUy required for a 
proposed steam-engine. To the intended useful work per mintUe 
add an allowance (say (yne-fourih on an average) for resistance of 
engine; the sum will be the indicated work per mirmte. Divide, if 
the engine is single-acting, by the intended number of revolutions, 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated work per stroke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity; 

As to the units in which it will be expressed, see page 239, 
Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the a/rea cf piston, 

3. Expenditure of Heat in the Cylinder and Efflciency of tiie 

scoam. — KuLE XVI. — To calculate the ahsolvie pressure of release 
{p^ (that is, the absolute pressure at the end of the expansion); 
Case L — Dry saturated steam, 

or otherwise: in the left-hand diagram of the plate find the volume 
corresponding to />^; multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case II. — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make p^ = -^ J. 

KuLE XVIL — To calculate the intensity of a pressure {pi)y 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find jp^ as in Bulea XII. and XHI.^ and p^di&m 
Bule XVI. ; then 

In condensing engines, j?^ = Pm + ^^ Pti 
In non-condensing engines, ;?* = jp« + ^^P^^l 

These results are correct to about one per cent. 

Rule XVIII. — ^To calculate the efficiency of the steam. Let p^ 
be the back pressure, and jp, = j?« — p^ the mean effective pressure, 
found as in Rule XIII. Then 

• 

Efficiency of steam = ^ = ^7^"" ^\ , — . 

Pk Pm-^ 15or 14;?2 

KuLE XIX. — To find the expenditwre ofheaA in th^ ci^liwtjw \sl^ 
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given time; either multiply the indicated work in that time by th« 

reciprocal of the efficiency, — ; or multiply the volume swept by 

P* 
the piston in the same time by je?^ 

The result is expressed in units of work, which may, if required, 
be converted into ordinary units of heat, or into units of evapora^ 
tion, by dividing by the proper co-efficient as given in Bule IL, 
page 277. For practical purposes units of evaporation are the 
most convenient. 

BuLE XIX. A. — ^For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if 4^ere were no 
cleai'ance; then, — 

Case I. — ^If there is no cushioning, multiply by 1 + c /. 

Case II. — If there is cushioning sufficient to &1 the clearance 
with steam at the absolute pressure jp,; multiply by r-r/. (See 
Rule XIV.) 

Remarks. — ^The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged against a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Rule A. — Work of one lb. of steam, TJ^ — XJg. 

Rule B. — ^Expenditure of heat, in units of work, XJi — Uj 4- Hg 
— A; the value of h being that corresponding to the temperature 
of the feed-water. Of this heat, H^ — a is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. Expenditure of UTater. — ^RuLE XX.-^To find the net fjoeight of 
feed-water required per stroke; divide the total cylinder-capacity 
by the volume of one lb. of steam at the pressure of release (^2)' ^ 
found by means of Rule IX., page 283, or IX A., page 289 ; or of 
the Table, pages 285 to 288; or of the left-h|,nd diagram in the plate. 

Rule XX a. — For a rough approximation to the net toeight of 
yeed-tJtxxt€T per stroke, correct to 10 per cent., and erring ^n the safe 
Bide; multiply togetbet t\sLe «iV>«.oto.^ Y^^-saMire of release and cylinder- 
capacity so as to get t\i^ i[)To^\xcX» ydl iwi\r^Q»k.^ ^5^^ ^^c^Q by 



» — r 




2i 


2. 


3^ 


4. 
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50,000. For the approximate net volume in cubic feet per stroke^ 
divide the same product by 3,000,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Kule 
XIX.) in units of evaporation. 

KuLB XXL — For the gross feedrwaA&r^ multiply the net feed- 
water, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^; 

If sea-water, and the brine is to be discharged at n times 

2 n 
the saltness of sea- water, multiply by 

Values of w, 3 

Gross ^ - . 

7- feed-water, 3 

net •^ 

BuLE XXIL — In a condensiug engine, to calculate the rwt 
toe^A^ of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the r^ected hecU, in units of wprk per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the weight in lbs. or kilos. 

For cuMc feet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

Bulb XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section II. — Evles relating to Furnaces and Boilers. 

1. Fuel. — BuLE I. — To estimate the theoretical evaporative power, 
that is, the total hecut of combustion of fuel, in units of evaporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen^ and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fractions for 
carbon, hydrogen, and oxygen respectively. Theu, 

Theoretical evaporative power =150 + 64 (H — -1. 

BuLE IL — Net weight of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 C + 36 



(--D- 



In most, f|^aces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air reqidred in 
the ratio of 1^ : 1 or 2 : 1. 
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Examples of Theobetigal Eyapoeative Powers of Fuel. 

Carbon^ 15 

Hydrogen, 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities: — Anthracite, 15 

Bituminous, from 14 to 16 

Oxygenous, about 13^^^ 

Brown, „ 12 

10 

Ik 



99 

97 



99 



99 
99 

99 



Peat, absolutely dry,. 
Wood, do., 



99 
99 



>9 



Bad qualities of coal from a given coal-field, about | of the best 
qualities. 

Rule III. — ^To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — ^Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven-twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
examples:— 



Square feet 

heating surface 

per lb. fael 

per hour. 



Small heating surface, 0*50 

'075 

Ordinary heating surface in 
tubular boilers, 



Water-tube and cellular 
boilers, 



I'OO 

I 25 
1-50 
2*00 
300 
6 -00 



Efficiency 

of 
Furnace. 



0*46 

0-65 
0*69 

073 

079 
0-84 



Available heat 
perlb.ooflkl, 

iftotal heat is 
18i units of 

Evaporation. 

6*21 

7 43 
8-24 

877 

931 

985 
10 '66 

"•34 



The efficiency of a furnace is liable to be diminished by from '2 
to '5 of its proper value through unskilful firing. 

Case II. JDraught produced by a blast pipe or by a fen; put 0*3 
in the divisor instead of 0*5, 

Rule IV. — To estimate the available heat of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

HuLE V. — To estimate the probable expenditure of fuel in a 
given time required in a ^vea ^^^eam. engina 
JBIstimate the expenditxae oi \xfi»X. \s^ ^xjJka"XX£^ ^^ ilie preced- 
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ing section, page 294, and divide it bj the available heat of combus- 
tion of an unit of weight of the fueL 

2. ]>iinenaioiis of Fnmace* and Boilen and their Flttingi. — Area 

o/Jtre-grate; in furnaces with chimney draught, from *! to -04 
square foot per lb. of fuel burned per hour. 

Area o/Ji/re-grate; in furnaces with draught forced by blast- 
pipe or otherwise, from '04 to '01 square foot per lb. foel per 
hour. 

Heating surface; see preceding Article. 

/Sectional a/rea o/Jhies or tubes from f to f of area of grate; area 
of chimney, about tV area of grate. 

Capa^sity of boiler; steam and water space = heating surface x 
from 3 feet to 1^ foot in stationary cylindrical and flue boilers; 
from 1 foot to '5 foot in tubular boilers, stationary or marine; and 
about •! foot in locomotive boilers and water-tube boilers. 

Capacity of fwrrvacey fines, a/nd tubes = area of grate x from 6 to 
8 feet 

Area of air-holes above level of grate = about -h area of 
grate. 

Pitch of boiler stays, from centre to centre ; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. Working tension on 
baUer shells, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve, — Rule. — Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by '006 ; the pro- 
duct will be the required area in square inches. 

Brine refrigerator for marine bo&ers : surface of tubes should if 
possible be to square foot per lb. of brine blown off per hour (from 
i to i of gross feed- water). 

Injector. — Sectional area of narrowest part. Ktjlk — Divide the 
gross feed-water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circular inches, divide by 630 instead of 800. 



Section III. — Various Dimensions of Engines. 

1. Condensen— Pnmpa.— £7om77um condenser, from ^ to ^ capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation-water per 
minute by Rule XXIII., page 295; divide by 1,620 feet; the 
quotient will be the area in square feet. 

Air-pwmp, single-acting, for common condenser; from ^ to ^ 
capacity of cylinder. Valves and ]^aaaag^ oi «vx!!2!a.«aft*OMbi5»^s^R^ 



298 HEAT AND THE STEAM ENGINE. 

of fluids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. (See p. 304.) 

Feed-pU7np8 depend for their capacity on gross supply of feed- 
•water (see Rule XXI., page 295); and ccld water pumps on the 
gross supply of condensation-water. (Rule XXIIL, page 295.) 
Brme-pAmpa for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumps. 

Swrface condenser, from 2^ to 5 square feet surface per indi* 
cated horse-power; air-pump^ if single-acting, ^ capacity of 
cylinder>. 

2. Steam-paMages and Talre-porta to be of SUCh area that velocity 

of steam shall not exceed 100 feet per second. - 

3. siide-Taire Oearing. — By the angvlo^ odvcmce of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rule I. — Given, the positions of the crank at the instants of 
admission and cut-ofiT; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the haJf^travel of the slide.* 

. In flg. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke ; let the arrow show 
the direction of rotation; let X a; be perpendicular to BC; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the slide is at the /ortvcurd end of 
its stroke; and FAX will be the angula/r advance of the 
eccentric. 

Lay off the distance A F to represent the half-travel ; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

AG AH 

G and A E in H; then -t-^ = ^ ^ will be the required ratio of 

lap at thie indriction-side to hodf-t/ra/od ; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
half-traveL 

On the same scale, I K represents the vndth of opening of the 
valve at the beginning of the stroke, sometimes called the ^^lead of 
the slide." Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroke. 

* The method used in this and the following mles is that of Professor Dr. 
Zeuner, of the Swiss ¥ederaA. foV^tecilmic School at Zurich, published in his 
treatise on Slide-yal\e Greaxm^, «£l^>^<^ D\ft &cUuhex&U\>xTVLu^en. 
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Rule II.— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begin& Produce F A to L, making 

AL = AF; onAL asa diameter draw a circle cutting A M in 

A N 
N : then .— =- will be the reg^uwed rcUio of lap cU edttction-side to 

half'traveL 

About A draw the circular arc "N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the crcmk at the instcmt when cushioning begins. 

Rule III. — Given, the data and results of Rule I., and the 
position, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-travel, and the position 
of the crank at the instant of release — produce F A as before; 
on AL = FAasa diameter draw a circle G\ittixi% A Q» vc^ "B \ 
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A P 

■j-= will be the required ratio of lap at the edtustion-side to Jud/- 

travel 

About A draw the circular arc P N, cutting the circle A L 
again in N; join A N : A N will be the position of the crank at 
the instant of release. 

EuLE IV. — Given, the angular advance of the eccentric, the 
half-travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A a; per- 
pendicular to each other; and take B and G to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle F A X = the angular advance of the 
eccentric; and make A F = A L = half-travel. On A F and 
A L as diameters, draw circles. About A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, A H E, A G D, A N M, A P Q. These 
will represent respectively the positions of the crank at the instants 
of admission, cut-off, release, and cushioning. 

BuLE V. — For an eccentric to drive a separate expa/naion gridiron 
slide-valve, make the angular advance 90°; also make width of 
openings -4- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. liink-ifiotion.— In fig. 109 let A be the axis of the shaft; A B, 
the forward eccentric radius; A G^ the backward eccentric radius; 




Fig. 109. 

B D, the forward, and G E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Kadius of curvature of link = length 
of rods, or nearly so. 

BuLE VI. — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

With a radius bearing the same proportion to half the distance 
B G,that the length of the rods BD bears to that of the link DE, 
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draw the arc B C* If the eccentric rods ai'e so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D E. Then the 
motion of the stud, F, will be veiy nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-1/ra/ody A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Rule IV. of the preceding Article. 

5, NomiBfd Horse-Power. — I. Ordina/ry Rule for Condensing 
Engines, — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

IL AdmiraUy Rvlefor Screw-Propeller Engines only, — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rvlefor Non-Condensing Engines, — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from (mce to six 
times the nominal power. 

*This construction is due to Mr. MTarlane Grftv (see his Qeomebry 
of the Slid& Valve.) 
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ADDENDA TO PART IX., SECTION L 



FiMi«a of SoUdstr— The following are the Tndtmg poinis of a few 
of the more important substance& Those marked 1 have been 
measured by the pyrometer: — 



aio 



FUir. 

Bismuth^ 493^ 

Lead, 630 

Zinc, 700 t 

Silver, 1,280 ? 

Brass, .1,869 9 

Copper,. 2,548 I 

Gold, 2,590 ? 

Cast-iron^ 3>479 ^ 

Wrought-iron, higher, 
but uncertain. 



Vaia. 

Mercury, — 38° 

Ice -^ Q2 

AUoy— Tin 3,*'i^ 5)T 

bismuth 8, about, J 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) ^ 

lead 1...... J 

Alloy — Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — ^Tin 2, bismuth 1, 334 

Tin, 426 

LaterU heat of fusion of ice, about 140 British units; of tin, 
500. 

Flow of OaMt.— Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be p^ Vj, t^, and without the 
vessel, P2, v^f ^g; and let Pq Vq be the value of pv for the absolute 
temperature t^ of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel; 

k, a co-efftderU of contraction, or of efflux, so that the effective area 
of the orifice is ^ ; 

iCy the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, the "weight of the gas which escapes in a second; then, 

»2 Pa »o '•i Vi/ 

Valaes of y, aii, 1'4Q8', at«am-gas, about 1*3. 
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Values of the co-effioient of efflux k for air, with effective pres- 
sures of from *23 to 1*1 atmosphere (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- k 

tracted vein, 0*97 to 0*99 

Circular orifices in thin plates, 0*563 to 0788 

Ontflow of steaiB— Bongh ApproximaUoB. — Let p^ be the internal 
and jt>2 the external absolute pressure; q, weight of outflow per 
unit area per second ; then when P2 = o^ '^^TPifq=Pi'r'^0 nearly ; 

and when p^ ZP^ \p^, <l = ^V^ -^ ^2) • ^ {(i^i - P2) + \lPii^ 
nearly. 

Addendxtm to Part III., page 132. 



liCTeiiing by the BaMueter.— To correct the difference of level 
given by the formula, for variations in the force of gravity, divide 
by the co-efflcient of g^ in the note to page 245. 



Addendum to Part VIL 

FricUon ef licatiier Coiiiurs.— The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr. William More's experiments, is about A of the depth of 
bearing surface of the collar; and according to the experiments of 
Mr. Hick and Mr. Luthy, from *01 inch to "015 inch^ according to 
the state of lubrication of the collar. 



Addendum to Part YIIL, page 274w 

AddltloBal BwlBtance af Ship* dne to ahort all«r4Mdr« — Let V be 

the speed in knots; Z, the proper least length of afber-body, in feet 
= f v^; Vy the actual length of after-body; S, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then^ 
additional resistance in lbs. — 

= 566 1^ sin 2y • S kJ {\ - ~), nearly. 
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Bxpiosfre Gaa-Bngine. — Best proportioDS ot explosive mixture; 
air, 8 volumes; common coal-gas^ 1 volume. Absolute pressure 
immediately after explosion, Pi = 5 atmospheres = 10,580 lbs» 
on the square inch, nearly. Let r = ratio of expansion ; p2 = ab- 
solute pressure at end of expansion ; Pq = absolute back pressure ; 
W = indicated work per cubic foot of explosive mixture. Then 

5 7 

W nearly = 2 (;>i - Po) " 2^^ - ^)P2 + {^ - 1)(P2 " Po); 

W 

the mean effective pressure is », = — 

T 

Approximate formula for final pressure where r is not greater 
than 7 nor less than 2; p^ nearly = 0*54 ( - + -2 ) "" ^"O^^- 

Addendum to Part VL 

Deflection of Uprlngs. — Straight mrings are to be treated as beams. (See 
page 221.) For spiral Bprings^ made of cyundrical rod or wire, the following are 
the mles: — 

Let 

of the 

the co-efficient of rigidity »> «»» ^»v»..^f .,, ^^^ p.^.v«.wv »«.>» ^^^^^.^p »..«,»» ^^^u .», 
W, any load not excee^ng the greatest safe load; v, the corresponding extension or 
compression; Wi, the greatest safe steady load; v^, the greatest safe extension or 
compression; then 

W Crf* _ 0-196 /rf* 12*566 »/r« 
V =64^' ^^ "^ "~T ' ''^ = Crf— • 

The greatest safe sudden load is —^ 

, Wi vi 2-463 n/« r rf« 
The Resilience of the spring is given by the formula, — ^ — = ^ , 

The valnes of the co-efficient, 0, of transverse elasticity of steel and charcoal iron 
wire in lbs. on the square inch, range between 10,500,000 and 12,000,000. 

By the greatest safe stress must here be understood the greatest stress which is 
certain not to impair the elasticity of the spring by frequent repetition; say 80,000 lbs. 
on the square incn. 

* 

Addendxtm to Part IX., page 298. 

Resistmice of Air-piinp of Stean-BBgliie equivalent to the follow- 
ing additional back-pressure, in lbs. on the square inch of steam 
piston; good air-pumps, 0-5 to 0'75; bad, 1*0. 
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tempetatnre (see Tempera- 

!brce, 104. 

8, stability of, 184. 

OD, 245. 

jrgy, 246. 

of^locomotives, 243. 

ision and elasticity of, 280. 

ices ; supply of, 295. 

302. 

of steam engine, 297, 304. 

Q bronze, strength of, 205. 

easures of, 90. 

n of, to the centre, 130. 

y sextant, reduction of^ to 

vel, 130. 

epose, 180, 182. 

it a right, 127. 

lomentura, 247. 

, measures of, 102. 

; (see Water). 

IT, or equilibrated rib (see 

ary or brickwork stability 

of, 224. 
aures of, 95. 

isuration of, 63, 129, 143. 
•k of; 251. 

ic pressure, 115, 132, 
lation, 229. 
igth oi^ 226, 249. 
119. 

mre (see Steam). 

from a weir, 265. 
lechanism, 235. 
yf, 241. 

levelling by, 132, 303. 
lit o^ 153. 

vey, to measure, 123. 
ion of load on, 212. 
e for weight of; 220. 
us over piers, 224. 
tions of equal strength for, 



Beams, deflection o( 221. 

effect of twisting on, 226. 

limiting length of, 2S1. 

of uniform strength, 219, 229. 

proportion of depth to span o^ 224 

resilience of, 224. 

shearing action on, 216. 

stiffness of, 221. 

strength o^ 212. 

sudden load on, 216. 

to deduce stress from deflection 
of, 224. 

travelling load on, 216. 
Bed of stream, stability o^ 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour of, 253. 
Blocks and tackle, 238. 
Blowing off, 297. 
Boiler, oimensionsand fittings ol 297. 

efficiency of, 296. 

strength oi^ 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of saltness on, 289. 
Boiling points (see Steam). 
Bolts, strength of, 208. 
Boring, labour of, 253. 
Bracing of fbunes, 168. 
Brake, 241. 

Brass, strength of, 195, 197. 
Breaking across, resistance to (see 

Beam). 
Brickmaking, labour of; 253. 
Brickwork, labour o^ 254. 

stabiUtjr o^ 179. 
Bridges, nramed, 169. 

girder (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Arch). 

suspension, 227. 
Brine, blowing off, 297. 

boiling points o^ 289. 
Bronze, strength o^ 195, 197. 
Building, labour o^ 253, 254. 
Bulkiuess, 147. 
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Buoyancy, 146, 157. 
Buttresses, 184. 

Gables, strength o^ 204^ 227. 

Canvas, strength o^ 205. 

Capacily for heat (see Spocifi" heat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267- 

Catenarian curves, tables of co- 
ordmates o^ 175. 

ribs, 174. 
Catenary, 80, 174 
Cement, strength of^ 203. 
Centres for arches, 190, 255. 
Centre of buoyancy^ 157. 

of gravity, 153. 

of magnitude, 81. 

of osculation or percussion^ 155. 

of {pressure, 156. 
Centrifugal force, 246. 
Chains, equilibrium of, 170. 

strength of, 227. 
Chairs, railway, weight of, 244. 
Channel, flow in, 264. 

stabiUty of bed o^ 268. 
Charcoal (see !Puel). 
Chimney, 297. 

Circular lengths and areas, 39, 42, 
68, 77. 

arcs, 61, 77. 
Clearance, 291, 294 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, resistance to, 211. 
Columns, strength of, 210. 
Combustion (see Fuel). 
Compression, resistance to, 209. 
Concrete, strength of, 203. 
Condensation-water, 295. 
Condenser, common, 297. 

smface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74. 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. 
Copper, strength of^ 195, 197. 
Couples, statical, 161. 
Crank, motion of^ 236. 
Cross -breaking, resistance to (see 

Beam). 
Crushing, resistance to, tables, 197, 

201, 203, 205 ; rules, 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Coirature of the earth, 117. 



Curvature of the earfch, correction for^ 

131. 
Curves, measurement of the length 
of, 74. 

on railways, cant of, 139, 142. 

setting out, 133, 139. 
Cut-off (see Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity of, for ^team, 293L 

strength oJ^ 207, 211. 

Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 22U 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242 
Dip of horizon, 122. 
Discharge, co-efficients of, 25^. 
Drainage area (see Eain-fall). 

Earth, curvature of the, 117, 131» 

dimensions of th^ 117. 

heaviness of^ 152. 

natural slope of^ 180. 

pressure o^ 179, 180, 18a 
E£ui}hwork, breadths o^ 142. 

labour of, 253. 

mensuration o^ 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). 
Efficiency, conditions of greatest^ in 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machines, 239. 

of propellers, 275. 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 

Elasticity of gases, 278, 280. 
< of solids, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

})otential, 239. 
Epicycloidal teeth (see Teeth). 
EquUibrated arch (see Arch). 
Equivalent, dynamical, of heat» 277. 
Evaporation, factors o^ 284. 

latent heat o4 283. 
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Cvapof ation, total heat of, 283. 

unit of, 105, 277. 
Excavation (see Earthwork), 
Expansion by heat, 147, 28Q. 

by the slide valve, 298. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

FaUing body, 248. 

Fall of water, energy o^ 269. 

Feed-pump, 298. 

Feed-water, 294. 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions o^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246. 

component, 159. 

distributed, 146, 158. 

driving, 240. 

resultant, 158, 159. 

work of varjdng, 242., 
Forces, composition and Resolution 
of, 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordinary, 181. 
Frames, bracing o^ 168. 

equilibrium and stability o^ 165, 
169. 
Friction, moment of, 241. 

of earth, 180. 

of machines, 240, 30a 

strap, 241. 
Friction al stability of masonry, 186. 
Fuel, avail a})le heat of combustion 
of, 296. 

expenditure of, 296. 

supply of air to, 295. 

total heat of combustion of, 295. 
Furnace and boiler, dimensions and 
littings of; 297. 

efificiency of, 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, elasticity of, 148, 280. 
Gas-engine, explosive, 304. 



Gases, flow of, 302. 

heaviness o^ 149. 

properties of, 278. 
Gathering-ground (see Rain-fall). 
Gearing, 298. 

Geodesy, engineering, 117. 
Girder (see Beams). 

continuous, 224. 

stiffening, for suspension bridges, 
226. 
Governor (see Pendulum, revolving), 

246. 
Gradients, ruling, 244 
Granite, strength of, 197, 203. 
Gravity, accelerating effect oi^ 245. 

centre of; 153. 

motion under, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius of; 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, efficiency of, 277. 

expansion by, 147, 148, 278, 280. 

expenditure o^ in an engine, 283, 
293. 

intensity of; or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities o^ 105. 

specific, 277, 278, 279. 

unit o^ 105. 
Heating surfsice, 296* 
Heaviness, 102, 147. 

tables of; 14a 
Height due to velocity, 248. 

iMe of, 249. 
Hoop, stress o^ 176. 
Horse-power, 104 

indicated, of steam engine, 289. 

nominal, 301. 
Horses, work o^ 251. 
Hydraulic press, strength o( 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting o^ 302. 
Impulse, 2&, 



308 



INDEX. 



Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment o^ 154. 

reduced, 249. 
Iigection water (see Condensation). 

valve or sluice, 297. 
Injector, 297. 

Intensity of ]3ressure, 103, 115. 
Iron ardied ribs (see Bibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength o^ 195, 197, 199, 
201. 

cbains (see Chains). 

futeninffs, 208. 

malleable and steely, strength of, 
191, 200, 201. 

pipes, strength o^ 207, 268. 

resilience oC 194. 

struts and pillars, 209. 

Jet-pbopelleb, 275. 
Journals, strength o^ 226, 249. 
Jumping holes in rock, labour of, 
253. 

Keys, strength oi^ 208. 
Kilogramme, 97. 
Kilogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration o^ 129. 
Latent heat of evaporation, 283. 

heat of fusion, ^02, 
Latitude of a place, to find, 122. 

length of a minute o^ 117, 118. 
Lengui, measures of, 92. 
Level, for angles, 130. 

reduction to the, for distances, 
127. 
liCvelling, 131. 

by the barometer, 132, 303. 

by the boiling point of water, 133. 
Link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion o^ 243. 

tractive force o^ 244. 

weight o^ 244. 

work of, 245. 
Logarithms, common, 1, 11. 

hyperbolic, 35, 38. 
Longitude, length of a minute oj^ 117, 



Machines, 228. 

balancing of^ 241. 

driving force of, 240. 

fiiction oi^ 240. 

reduced inertia of^ 249. 

varied motion o^ 245. 

work of (see Work). 
Magnitude, centre o^ 81. 
Man, work o^ 252 (see Labour). 
Masonry, labour o^ 253, 254. 

stabiUty of; 179. 
Mass, centre of (see Centre oi 

gravity). 
Measures, British and French, com- 
parative table o^ 110. 

multipliers for conversion o^ 107, 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

of leng;th, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, 103, 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting x>oints, 302. 
Men, work of, 252. 
Meridian, to find the, 119. 

length of arcs o^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of driving, 253. 
Moment, measures o^ 104. 

of inertia, 154. 

of sail, 275. 

of stability, 185. 

of weight, 153. 
Momentum, 245. 
Moneys, 300. 
Mortar, strength of; 203. 
Motions, comparison of, 228. 
Mules, work of; 251. 
I Muscular strength^ work o^ 250L 
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Nautical ndle, 93. 

Nominal horse-power of engines, 301. 

Notches, flow of water through, 261. 

Oripick, flow through (see Water). 
Oscillation, centre of (see Centre). 
Overshot water-wheels, 269, 270. 
Oxen, work o^ 251. 

Paddles, 275. 
Parabola, area o^ 63. 

length of; 79. 
Parallel forces, 162. 

motion, 236. 
Peat (see Fuel). 
Pendulum, revolving, 240, 
Percussion, centre o^ 155. 
Periodical motion, 238. 
Piles for foundations, 182. 

screw, 183. 
Pillars, strength o^ 209, 
Pins, stren^h of, 208. 
Pipes, friction in, 258. 

flow in, 263. 

strength o^ 207, 268. 
Piston, 238. 

rod, strength oj^ 210, 250. 
Planimeter or platometer, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Plates, buckled, strength oi^ 227. 

weight of, 153. 
Platometer, 80. 
Polygons, regular, 88. 
Ports, steam, 289, 298. 
Posts, strength of, 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement of, 104, 239. 

muscular, 250. 

of a fall of water, 269. 

of steam engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength o^ 207. 
Pressure, centre o^ 15o. 

intensity o^ 103, 115. 

of earth, 179, 180, 18a 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime factors, 33. 
Projections, parallel, 87. 
Propellers, 275. 

Propulsion of vessels, 274^ 303. 
Pull (see Tension). 



Pulleys and belts, 235, 238, 241. 
Pumps for steam engines, 297. 

QuARBTii^G, labour o^ 253. 

Rails for railways, 244. 
EAilways, breadths o^ 141. 

curves on, 133. 

power exerted by locomotives on, 
245. 

resistance of vehicles on, 243. 

ruling gradients of^ 244^ 
Eainfall, 267. 
Kam, hydraulic, 273. 
Ranging (see Setting-out), 133. 
Re-action of moving body, 246. 

water-wheel, 273. 
Reciprocals of numbers, 1, 11, 31. 
Reduced inertia, 249. 
Reduction of resistances in machines 

to the driving point, 240. 
Refraction, astronomical, 122. 

correction of levels for, 131. 
Repose, angle of, 180, 182k 
Reservoir, time of emptying, 267. 
Resilience of beam, 224. 

of iron and steel, 194. 

of silk, 204. 
Resistance of carriages on roads, 242. 

of earth, 181, 183. 

of machines (see Friction). 

of materials (see Strength). 

of railway trains and engines, 243. 

of ships, 274, 303. 

of water in pipes and channels, 
257, 258. 
Resolution of forces, 158, 159. 
Resultant of couples, 161. 

of distributed force, 158. 

of inclined forces, 158, 160. 

of parallel forces, 162. 

of stress, 158. 

of weight, 158. 
Retaining walls, stability of, 184. 
Retardation, 245. 

Rev6tements (see Retaining walls). 
Rhumbs, table o^ 89. 
Ribs, arched, equllibri^m of, 174, 176. 

strength of, 225. 
Right angle, to set-out, 127. 
River-bed, stability o^ 268 (see 

Water-channels). 
Rivets, strength o^ 208. 
Rivetted joints, strength oi^ 207* 
Rivetting, labour o^ 255. 
Roads, plank, labour of making, 255. 
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Boads, resistance of vehicles on, 242. 
Bods, wdght 0^ 153. 
Bock-blasting, labour of^ 253. 

boring, 253. 

founc&tions, ISL 

heaviness o^ 152. 

quarrying, 253. 

tunnelling in, 253. 

(See also Stone.) 
Bopes, strength o^ 204. 
Botation, 229. 

actual energy o^ 247. 

angular velocity o^ 102. 

axis o^ 229. 
Bupture, modulus ^i^ 198, 201, 202. 

Safety, factors of, 205. 

valve, 297. 
Sails of ships, 275. 
Sandstone, trtrength o^ 197,. 198, 

203. 
Scales for plans, 1^. 

for sections, 126. 
Screws in mechanism, 235. 
Screw piles, 183. 

propeller, 275. 
Sections, method'oi^ appUed to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafbs, strength of, 226, 249. 
Shearing, resistance to, 197» 201, 

208. 
Ships (see Vessels). 
Simpson's Bules, 64 
Sines, 61. 

Slate, strength oty 195. 
Slide valve gearing, 298. 
Sluices, discnarge from, 263. 
Solid, centre of magnitude o^ 84. 

measures, 96. 
Solids, mensuration e^ 72. 
Soundings, reduction of, 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 27a 
Speed-cones, 235. 
Speed, measures of, 102. 
Spheres, strength of, 207. 

volume of, 73. 

weight of, 153. 
Sphencal areas, 71. 



Spherical triangles, 55,* 58, 72. 
Springs, deflection oj^ 304. 
Squares of numbers, 1, 11. 
Stability of mas(mry, 179. 

of vessels, 275. 
Stars, declinations of, 121. 
Station-lines -of surveys, 119, 128. 
Steam, action o^ on piston, 289, 29< 
292. 

back presstire of, 291. 

density o^ 283, 285, 289. 

efficiency of^ 293. 

expenditure of fuel on, 296. 
of heat on, 29a 
t)f water on, 294. 

engines, dimensions o^ 293, 297. 

latent heat of, 283, 284 

mean pressure o^ 290, 292. 

outflow of, 303. 

passages, resistance of, 289. 

{>res8ure of saturation of, 283, 28£ 

room (see Boiler). 

tables relating to action of^ 28« 
292. 

total heat o^ 283, 284 

valve, 298. 

volume of; 283. 285, 28a 
Steel, resilience olf, 194 

strength of, 191, 20a 
Stiffiiess of beams, 221. 
Stones, heaviness o^ l£i2. 

strength of, 195, 197, 198, 203. 
Stream (see Water). 
Strength of axles, 22a 

of beams, 212. 

of boilers and cylinders, 20?, 2ll. 

of bolts, pins, keys, and rivet 
208. 

of machinery, 249. 

of pillars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204 

of shafts, 226, 249. 

of spheres, 207. 

of suspension bridges, 173, ^21 
226. 

of teeth, 233. 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 250. 

rules for, 205. 

tables of, 191. 
Stress, measures of, 103. 
Stretching, resistance to, 195, 206. 
Struts, strength of, 209. 
SurfEtce-condenser (see Condenser). 
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Snrfstcej heating (see Heating sur- 
face). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225k 

stififening girder for, 226.. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance to, 19^1, 195, 

206. 
Teeth of wheels, dimensions and 

figure of, 233. 
strength of, 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strength of, 206. 
Timber, labour of working, 254.. 

strength of, 196, 198, 202. 
Time, measure of, 90. 
Thermodynamics, 277. 
Thermometers (see Temperature) » 
Towers, stability of, 184. 
Towns, demand of water for, 268. 
Trains, railway, resistance of, 243.. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Kupture and 

Beams). 
Triangles, approximate solution of 

spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
Trigonometrical rules, 52. 
Trigonometry, use of, in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, strength of; 207, 211." 
Turbines, efficiency of; 269. 

dimensions and figure o^ 272. 
Tunnels, arching of, 188.. 

labour of excavation in, 253. 
Turning (see Rotation). 
Twisting, resistance to (see Axles). 

Undershot water-wheels, 269^ 271, 
272. 

Value, measures oj^ 100. 
Valve, safety, 297. 

slide, 298. 
Vaults, stability of (see Arch). 



Velocities, virtual, principle o^ 240. 
Velocity, measures o^ lOz. 

angular, measures of, 102. 
Vessel propulsion of; 274. 

resistance o^ 274, 303L 

sails of, 275. 

stability oj^ 276. 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184. 
Water-channels, discharge of, 264 

resistance of, 257. 

stabihty of, 268. 
Water, contraction of streams of, 
259. 

demand for, in towns, 268. 

discharge of, from oriJQces, notches, 
and Juices, 263. 

expansion of, by heat, 147. 

flow 0^ 256. 

gauging, 260. 

head o% 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure of; 179. 

ram, 273. 

suppljr of; by rain-fall, 267. 
Water-pipes, discharge through, 263. 

resistance in, 258. 

strength of, 268. 
Water-wheels, dimensions and figure 
o^ 270. 

efficiency of, 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open aurrent, 

272. 
Wave-lines, area of, 70. 
Weight, measures oi^ 97. 

tables o^ 149. 
Weirs, 261, 266. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 276. 

skew-bevel, 232. 

strength of; 250. 

teeth of, 233. 
Wind, action oj^ on towers and chim- 
neys, 184. 



312 



INDEX. 



Wind, pressure oj^ 276. 
Windnulls, 27a 
Wood (see Fuel: also Timber). 
Work, against varying resistance, 
242. 

calculation of, 2.38. 

during retardation, 245. 



Work, measures oty 102. 
of acceleration, 245. 
represented by an area, 242L 
useful and wastjeful* 239. 

Works, setting out, 133. 

Yard, standard, 92. 
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